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Abstract

In the last decade breath gas analysis (BGA) became more and more important in industry
and sciences. This trend is caused by the development of new and stable semiconductor
lasers, e.g. quantum cascade lasers, in the mid-infrared region ranging from 3 um to 15 pum,
Moreover, specific mass spectrometers were developed for detection of volatile organic
compounds (VOCs) in a volume sensitivity range of parts per trillion. Companies like lonicon
and B&S Analytic GmbH specialized on detection of VOCs in breath, food and exhaust air.

A new measurement device FLIP (Fast Liver Investigation Packet) based on breath gas
analysis of CO, was developed in the AG Heyne to assess the liver power or liver function
capacity of humans. This device together with the LiMAXx-test (Liver Maximal capacity)
developed by Priv.-Doz. Martin Stockmann (Charité-Universitdtsmedizin) enables
a personalized and quantitative determination of the liver function capacity by detecting the
increase of 13CO; in the exhaled air after 13C-methacetin administration.

Functionally, *C-methacetin is metabolized in all hepatic cells by the enzyme
Cytochrome P450 1A2 to paracetamol and *CO.. Thus, the speed of metabolism measured
by the *CO; to 2CO; ratio in the breath is directly proportional to the liver function capacity.
No other test can provide this information. The value measured is called the LiMAX value and
calculated from the maximum of the 3CO, to >CO; ratio. However, the kinetics of this ratio
during 60 minutes also contains information for the physicians treating the liver disease. The
combination of FLIP device and LiMAX-test is already in clinical use.

My work is divided into two parts. After a general introduction, in the first part, |
analyzed data taken at the Charité to investigate the influence of dosage and sports on the
outcome of the LiMAXx-test. Furthermore, | compare the reproducibility of the breath test
measurements with blood levels of paracetamol and methacetin. | will show that the *CO,
detection enables a direct tracking of methacetin metabolization in the liver cells.

In the second part of my work, I studied the occurrence of VOCs in the exhaled air with
mass spectrometry. The sensitivity and speed of analysis of these detection devices have
increased greatly in the last decade. The knowledge on metabolic processes in the human
body has a lot of advantages in early diagnosis of diseases and metabolic malfunctions. Since
non-invasive breath tests experiences a high acceptance from patients, an assessment of the
possible uses of breath gas analysis is of high importance. Diagnosing a disease with BGA is
a safe, non-invasive and fast technique.

The breath gas contains both non-volatile (e.g. CO2) and volatile substances. The
observation of volatile substances in human breath (e.g. acetone) has been made by medical
professionals for a long time (Hippocrates). The detection of bad smell/odor in the breath was
used to identify specific diseases. Each VOC can be considered as a partial indicator for
a specific metabolization or disease such as respiratory disease, liver disease and etc.

In my study, two different spectrometry methods, the Proton Transfer Reaction Mass
Spectrometry (PTR-MS) and lon Mass Spectrometry (IMS) were used to study the occurrence
of VOCs in breath and to investigate the effect of different health statuses on the production
of VOC:s. Since, these methods were new in the AG Heyne, we started with measurements to
verify the reproducibility of the measurements and the independence of other parameters,



such as how we collected the breath. Here, we studied the behaviour of the VOCs
concentrations in time by collecting breath samples from volunteers and analysing them over
one week. This part of study was performed with the PTR-MS and the IMS device.

With PTR-MS, two types of studies were done: The first study is considered as
a comparative study between three different types of groups, who had different health
statuses. We investigated a group of vegans (denoted as super healthy), a group of healthy
volunteers and patients with liver diseases in cooperation with the Charité. Each VOC has
a specific signature that is affected by the health status, so it increases or decreases more in
one case than in others. In the second study we investigated the LiMAXx-value of the patients
to correlate the VOC concentration with the liver status.

Another study was done using the IMS to identify factors that have an influence on the
VOC:s intensities such as the effect of diet statuses, the differences between direct and indirect
breath and smoking. Since we found that the reproducibility of the IMS measurements are not
reliable enough, and the identification of VOC peaks is largely missing, these results are
presented in the appendix of this work.



Zusammenfassung

Im letzten Jahrzehnt ist die Atemgasanalyse immer wichtiger fir die Industrie und die
Wissenschaften geworden. Dieser Vorgang wird durch die Entwicklung von neuen und
stabilen Halbleiterlaser im mittleren Infrarot von 3 pm bis 15 pum getrieben. Zusétzlich
werden Massenspektrometer zum Nachweis von flliichtigen organischen Verbindungen
(VOCs) mit einer Empfindlichkeit (bezliglich des Volumens) von einigen Billionstel
entwickelt. Firmen wie lonicon und B&S Analytic GmbH spezializieren sich auf den
Nachweis von VOCs im Atem, in der Nahrung und in Abgasen.

Ein neues Mel3gerdt FLIP (Fast Liver Investigation Packet), basierend auf der Analyse
des CO- in der Atemluft, wurde von der AG Heyne entwickelt, um die Leberleistung und die
Leberfunktionskapazitdaten beim Menschen zu bewerten. Dieses Gerat unter Hinzunahme des
LiMAXx-tests (Liver MAximal capacity) von Priv.-Doz. Martin Stockmann (Charité -
Universitdtsmedizin) entwickelt, erlaubt ein personalizierte und quantitative Bestimmung der
Leberfunktionskapazitit durch Messung des erhéhten *CO; in der ausgeatmeten Luft nach
13C-Methacetin 1V-Injektion.

Von der Funktion her wird **C-Methacetin in allen hepatischen Zellen durch des Enzym
P450 1A2 zu Paracetamol und ¥CO, metabolisiert. Das heilt, die Schnelligkeit des
Metabolismus gemessen durch das **CO; zu ?CO; Verhéltnis im Atem ist direkt proportional
zu der Leberfunktionskapazitit. Kein anderes Prifverfahren kann diese Information liefern.
Der gemessene Wert wird LiIMAXx-Wert genannt und errechnet sich aus dem Maximum des
13C0O, zu 2C0O; Verhiltnisses. Jedoch liefert die Kinetik dieses Verhaltnisses in der sechzig
minutigen Mef3zeit auch Informationen fur den die Leberkrankheit behandelden Arztes. Die
Verbindung vom FLIP-Gerat und LiMAX-Tests wird schon in Kliniken verwendet.

Meine Arbeit kann in zwei Hauptteile geteilt werden. Nach einer allgemeinen
Einleitung, untersuchte ich im ersten Hauptteil Daten, welche an der Charité erhoben wurden,
um den Einfluf3 der Dosierung und Sport auf des Ergebnis der LiMAX-tests zu untersuchen.
Weiterhin verglich ich die Reproduzierbenkeit des Atem-Tests mit den Blutwerten fir
Paracetamol und Methacetin. Ich werde zeigen, daR der *CO, Nachweis ein direktes
Verfolgen des Methacetin-Metabolismus in Leberzellen erlaubt.

Im zweiten Hauptteil meiner Arbeit untersuchte ich des Vorkommen von VOCs in der
Atemluft mit Massenspektroskopie. Die Empfindlichkeit und Schnelligkeit der Analyse dieser
Gerate sind im letzten Jahrzehnt sehr gestiegen. Das Wissen um metabolische Prozesse des
menschlichen Korpers ist von Vorteil fiir die Frihdiagnose von Krankheit und metabolischen
Fehlfunktionen. Da nicht-invasive Atemuntersuchungen von Patienten gut akzeptiert werden,
ist eine Bewertung mdoglicher Anwendurgen von Atemuntersuchungen sehr wichtig. Die
Diagnose einer Krankheit mit BGA ist sicher, nicht-invasiv und schnell.

Die Atemluft enthélt sowohl ,nicht-flichtige” (z.B. CO.) wie auch fliichtige (leicht
verdampfbare) Stoffe. Die Feststellung von fliichtigen Stoffen in der menschlichen Atemluft
(z.B. Aceton) ist von Medizinern seit langem (Hippokrates) gemacht worden. Das
Vorhandensein eines schlechten Geruches des Atems wurde benutzt, um gewisse Krankheiten
zu erkennen. Jede VOC ist ein Teilindikator eines spezifischen Metabolismus oder einer
spezifischen Krankheit, wie Atemwegerkrankungen, Leberkrankheit, usw.



In meinen Untersuchungen fanden zwei unterschiedliche Spektroskopische Verfahren
Anwendung: Protonentransfer-Reaktion-Massenspektrometrie (PTR-MS) und
lonenmobilitatsspektrometrie (IMS). Das Vorhandensein von VOCs im Atem, und der
EinfluB von unterschiedlichen Gesundheitszu- standen auf die Produktion von VOCs wurden
untersucht. Da diese Verfahren in der AG Heyne noch nicht angewendet worden waren,
begannen wir mit Messungen, die die Reproduzierbarkeit der Messungen und die
Abhéangigkeit von anderen Parametern, wie das Verfahren zum Einsammeln der Atemluft,
untersuchten. Hier betrachteten wir das zeitliche Verhalten der Konzentration der VOCs.
Atemproben von Freiwilligen wurden eingesammelt und Uber die Dauer einer Woche
untersucht. Dieser Teil der Studie wurde sowohl mit PTR-MS und IMS durchgefiihrt.

Mit der PTR-MS erfolgten zwei Untersuchungen. Die erste war ein Vergleich von drei
unterschiedlichen Gruppen von Probanden, die in unterschiedliche Gesundheitszutanden
eingestuft waren. Die erste Gruppe waren Veganer, die als sehr gesund eingestuft waren. Die
zweite waren gesunde Freiwillige. Die dritte waren Patienten der Charité. Jede VOC hat eine
eigene Signatur, die von dem ,,Gesundheitszustand” bestimmt wird, und grofier oder kleiner
ist in Verglich zu anderen. In der zweiten Untersuchung wurde die Korrelation zwischen
LiMAXx-Wert (bei Patienten), VOC-Konzentration und Leberzustand gesucht.

Eine weitere Studie wurde mit der IMS durchgefiihrt zur Bestimmung der Faktoren, die
die VOC-Intensitaten - wie Diét, direktes Atmen gegeniiber gesammelter Atem, und Rauchen
-beeinflussen. Da wir feststellten, dal die Reproduzierkeit der IMS-Messung nicht zuverlassig
war, und die Identifizierung von VOC-Linien weitgehend fehlten, wurden diese Resultate im
Anhange angefuhrt.
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Chapter 1

Introduction

This chapter is an overview of the Volatile Organic Compounds (VOCs), the Breath Gas
Analysis (BGA), the principle of the BGA and common VVOCs apparatuses.

1.1. Volatile Organic Compounds (VOCs)

The substances (or chemicals) can enter the body by three ways: ingestion (food and/or
beverage), inhalation (air), and topical contact (eyes, mouth and skin), as shown in Figure 1.1.
These substances that enter the blood are metabolized and then distributed in the body or
removed from the body through feces and/or urine.

Ingestion Inhalation Topical Contact

Figure 1.1: The three ways that the VOCs can enter the body: i) ingestion, ii) inhalation and

iii) topical contact [1].
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These absorbed substances (chemicals) are of two types: when they are exchanged with
alveolar air and exhaled through the breath, they are called volatile. When their vapour

pressure is loo low they cannot be detected in the breath, and they are called non-volatile [2].

VOCs are organic chemical compounds which have under normal conditions
a sufficient vapour pressure to vaporize and enter the atmosphere. There are many sources of
VOCs in the atmospheric air such as pollution from vehicles and factories (CO2, CO,
hydrocarbons and etc.), human's breath (methanol, ethanol, acetone, isoprene and etc.) or
plants releasing biogenic VOCs (isoprenoids and terpenes). The concentration of these VOCs

in the atmospheric air can be as low as 1 ppbv (parts per billion volume) or even lower [3, 4].

Referring to exhaled breath, two different types of samples are recognized: i) exhaled
breath vapour (EBV) that contains only volatile compounds and ii) exhaled breath condensate

(EBC) that contains volatile and non-volatile compounds [5].

If the VOCs are used to diagnose the diseases, the origin of these compounds must be
understood and if these compounds are present in the ambient surrounding. Figure 1.2
illustrates the sources of the VOCs. Some researchers subtract the environmental VOCs from

the exhaled air sample while others do not [6, 7].

- /-

in inspired air

Svnthesis _ ‘
of VOC in body \
Distribution

Absorption to body fluids and ——
of VOC or Pl tissues
precursor in food
or drugs I

Figure 1.2: The sources of the VOCs in the breath [6, 7].

The gaseous and capillary VOCs equilibrium process in the alveoli varies with the
phase of respiration, as shown in Figure 1.3. In the inspiratory phase, there is an equilibrium
between the room air VOCs and pulmonary venous blood. In the expiratory phase, there is

an equilibrium between the pulmonary arterial blood and VOCs in alveolar breath. The

2
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extrapulmonary input of VOCs

is primarily from endogenous synthesis, but the

extrapulmonary output of VOCs is predominantly by metabolism in the liver and excretion in

the kidneys [8].

Inspiratory Phase

Expiratory Phase

e am Em e e e o o oem am Em

I Alveolar Gas VOCs : :
: t 1 ) ! + 1 :
! I

I

I e
i Capillary Blood \’TOCSJ

Output ——— e ————
I Pulmonary Artery
| VOCs |

- Input
1

I Synthesis of VOCs |
: (plus extra-pulmonary:
I sources of VOCs e.g. | !
I food transcutaneous)
I

|
Body :
Pool
of
voCs |
| : Metabolism and/or :

! | Excretion 1

Extra-Pulmonary

I
; Extra-Pulmonary
Output

Input

Figure 1.3: The VOCs pathways through different compartments of the body [8].

Nitrogen, oxygen, carbon dioxide, water, inert gases and VOCs mixture are the matrix
of the breath [9], while acetone, isoprene, methanol and ethanol are considered the main
VOCs that can be found in the breath of healthy subjects, which are endogenously produced
due to metabolic process. There are other compounds that are found at very low levels [5, 9],
(see Table 6 in Appendices). VOCs concentrations depend on food intake, state of physical
condition, general health of the subject, and multiple environmental factors [10]. The intra-
and intersubject variability in VOC emissions is essential and it has to be taken into account
for data analysis [8, 10].

Additionally, exhaled NO, Hz, NHs and CO can reflect a potential disease of the

individual or a recent exposure to a drug or an environmental pollutant [9, 11].

Most of VOCs origin and physiological function are still unknown, some of them
originate from the subject's previous exposure to precursors, others are genuine metabolites of
the organism itself or of its intestinal bacteria. In the first case, the precursors are taken up by

inhalation, ingestion or skin contact then metabolized and exhaled by expiration. In the
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second case, they are carried by the blood to the lungs and exhaled through the expiration
[10].

If the source of VOC is inside the human body, it is called endogenous VOC, and if it is

originated in the surrounding air, it is called exogenous VOC [3].

1.2. Breath Gas Analysis (BGA)

Breath tests are used for monitoring/detection diseases and/or to evaluate the drug
metabolization, e.g. by CYP450 enzyme activity, because it offers a unique, rapid and a non-
invasive diagnostic tool for tracking the biomarkers that are originated from both normal
biochemical processes and pathological disorders [12, 13]. Breath test was used since the days

of Hippocrates [12].

The ancient Greek physicians identified the disease from the odour of the exhaled
breath [14]. In 1971, a great interest in analysing the VOCs from the breath has been shown,
after explaining the breath gas analysis by Linus Puling using a gas-chromatography (GC)
method [12, 14, 15]. He found out that, human breath is a complex gas mixture that contains
more than 200 different VOCs. Since this time, the breath analysis is in use to monitor

different types of diseases.

Breath Gas Analysis (BGA) is a non-invasive technique, which is important for
monitoring and diagnosis the physiological status of people [16, 17]. BGA has many
advantages comparing to other diagnostics methods such as blood, urine, biopsy, endoscopy

and imaging as it is non-invasive, easier, fast and repeatable [18].

The concept of the BGA is based on the assumption that there is a correlation between
the exhaled VOCs concentrations and the circulating blood concentrations, which is
a reflection of the metabolic processes in the body [3, 19].

BGA is new field of medicine and medical instrumentation used for identification and
quantification of the VOCs in human breath. It is classified into two groups: i) analysis of
breath metabolites after administration of a drug or substrate and ii) analysis of breath
compounds produced endogenously due to a particular physiological status [3, 17, 20].

The measurement of blood-borne VOCs occurs in the exhaled breath can be due to

normal metabolic activities or due to pathological disorders [17].

4
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According to many biological and technological processes, VOCs are used in several
fields like enivirnmental and atmospheric chemistry, plant biology, food science and

technology and medical sciences [21].

1.3. The Principle of The BGA

The principle of breath gas analysis depends on the physiological phenomenon of gas
exchange between blood and air [7]. The process of gas exchange between O, and COz gases
is a life process, which occurs in the lungs, the essential respiratory organ in the respiratory

system, see Figure 1.4.

i

\
1
w

Figure 1.4: (A) A schematic view of the respiratory tract [22], (B) Anatomical view of the
lungs that shows the position of the alveoli [23], (C) An enlarged view of the alveoli (gas sac)
and pulmonary capillaries (blood vessels) [24] and (D) A close-up view of the Oz and CO>

exchange between the alveoli and pulmonary capillaries [25].

Figure 1.4.A shows the position of the lungs in the respiratory system. Figure 1.4.B
shows the alveoli (singular=alveolus), the surface of numerous tiny chamber, present on the
tip of the bronchiole in the lung. These alveoli are adapted well to their functions and each
alveolus is covered with very thin membrane that is loaded with pulmonary capillaries, as
shown in Figure 1.4.C.
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As illustrated in Figure 1.4.D, the gas exchange occurs between the air in the alveolus
and the blood in the pulmonary capillaries. A large surface area and a small distance
associated with alveoli give the VOCs a chance to permeate from the air in the alveoli into the
blood in the pulmonary capillaries. Another source of VOCs in the breath involves in the

tissue surfaces of the nose, mouth and trachea through various biological processes.

The concentration gradient between the capillaries and the alveoli has a role in gas
diffusion. For that, there are two types of processes: i) if the concentrations of the compounds
in the air greater than that in the blood, the compounds move into the blood, but ii) if the
concentrations of the compounds in the blood greater than that in the air, the compounds
move into the air. Thus, the expired breath contains molecules from two different origins: i)
from inspired air and ii) from the blood. Comparison between inspired air and expired air
allows for identification of the origin of the VOCs. Typically, VOCs that are inhaled show
a lower concentration in the exhaled air than in the inhaled air. This reflects the uptake of the
blood of these VOCs.

According to Shaji at el. study [2], “The key challenge in the analysis of the breath is
‘separating the alveolar breath’, which contains analyte rich air delivered deep in the lungs
from ‘the dead space’ air volume of breath contained in the upper airways namely mouth, and
pharynx that is uninvolved in gas exchange, and another challenge is separating and
identifying the volatile breath components which tend to be present at just picomolar level

concentrations [8, 13]".

King et al. reported that [17], “the concentrations of water-soluble, blood-borne
substances in exhaled breath are influenced by:

e Dbreathing patterns affecting gas exchange in the conducting airways,
e the concentrations in the tracheo-bronchial lining fluid,

e the alveolar and systemic concentrations of the compound”.

Here, | assume that these influences are negligible in our investigations.
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1.4. Common VOCs Apparatuses

The analytical methods which are used to detect concentrations of VOCs emitted from the
breath have been improved. Today, there are many methods in use for this purpose, for
example [26]:

e Laser Absorption Spectroscopy (LAS), which was introduced with the Flow-through
Fast Liver Investigation Packet (FLIP).

e Proton-Transfer-Reaction Mass Spectrometry (PTR-MS).

e lon Mobility Spectrometry (IMS), mostly coupled to Multi-Capillary Columns
(MCC/IMS).

e Gas-Chromatography with Mass Spectrometric detection (GC-MS), often combined
with Thermal Desorption (TD-GC-MS).

o Differential lon Mobility Spectrometry (DMS).

e Sensors or Sensor Arrays.

In this study, LAS, PTR-MS and IMS methods are used and discussed.
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Medical Background

This chapter introduces the 13C beath test and discusses the influence of CO> production rate,

and bicarbonate kinetics on this test.

2.1. CO, Production Rate Measurement

In 13C breath tests a substance is administered that is metabolized to *CO,, so that carbon
dioxide (**CQ) is an end-product in the catabolism of the administered compound. This
process is effected by several factors, which may have an influence on the rate of appearance

of 13C0O, in the exhaled air.

Clearing dynamics are influenced for example by gastric emptying, rate of intestinal

absorption and the bicarbonate pool for CO- [27].

The exhalation of the labelled CO, (3*CO) that is derived from the labelled compounds
artificially or naturally has a useful means for various metabolic disorders diagnosis or

estimation their oxidation rate quantitatively.

The CO; breath tests use the administration of carbon labelled substance that releases
the labelled carbon isotopes through their metabolic pathways. The appearance rate of the
label (*3C) in the exhaled CO. gives an information about the factors affecting the rate-

limiting step of the metabolic route [27, 28].
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2.2. Bicarbonate Kinetics Model

The bicarbonate kinetics are important for interpretation of the measured CO> isotopes in vivo
[29].

The bicarbonate system has a crucial role in the measurement of the substrates'
oxidation in the human body from the tracer data. In the process of oxidation, many substrates
are metabolized and produce CO; that can be measured in the expired air. This measurement
depends on the individual substrate metabolism as well as on the bicarbonate kinetics in the
body [29, 30]. The bicarbonate distribution and metabolism knowledge is very important for
the experimental interpretation correction to measure the carbon-labeled compounds'

oxidation in vivo.

The bicarbonate kinetics models used in the studies of substrate oxidation tracer are
linear compartmental models and are identified from an experiment involving an impulsive
intravenous input of labeled bicarbonate ([**C]-or [**C]NaHCOs) and labeled CO; frequent

sampling in the expired air.

Some of the tracer-labelled CO: is released or recovered in the breath and the other is
equilibrated in slowly turning over pools such as bone and is released over a period of time.
Theoretically, the entire released tracer in the oxidation process can be recovered when the
breath sampling is done for a long period of time (in days), this procedure is not quite possible

in human subjects additionally a non-respiratory losses of CO2 can occur [31].

For that, it is necessary to apply a correction factor to the measured rate of labelled CO>
evolution in expired air to correct and to determine the oxidation rate of the carbon labelled
substrate accurately over a shorter period of time (for example 24 hrs.). This procedure is
estimated by the proportion of the labelled bicarbonate dose, given intravenously or orally as
a constant infusion or bolus, that appears in the expired air [31, 32].

It is often assumed that the administered labelled bicarbonate load and the labeled
CO2/HCOs that is generated by the substrate metabolic oxidation in the body share the same
recovery (correction) factor [29]. It was demonstrated that both the respiratory and non-
respiratory losses are located in the central vascular compartment, which is the pool where

tracer input occurs [31].
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It have been proposed that there are uncertainties in the two and three compartment
model structures as well as for the influence of different output variables. Some important
parameters for model parametrization such as specific activity, enrichment of CO,, or the
labelled CO- flux in the expired air are difficult to determine [29, 33, 34, 35].

The bicarbonate kinetics composite model can be constructed from the arterial and
venous CO> levels estimations, the rates of tissue production, the bicarbonate and CO: levels

and the rates of the organ blood flow. For construction of this model, there must be [32]:

1) Organs that are grouped into compartments depending on their CO. uptake and
release rates.

2) HCOz-CO2 compartments sizes that are calculated from the HCO3-CO: tissue
levels.

3) Rates of fractional turnover that are determined from the arterial and venous CO:
levels, the flow of the tissue blood and the rates of CO> production, assuming
complete single-pass mixing of tissue and vascular HCO3™-CO..

4) The fractional rate constant for the exchange of circulating bicarbonate with the sink
of bone bicarbonate that is estimated from the levels of blood HCOs™-COg, the rate

of skeletal blood flow and the extraction ratio of bicarbonate from blood by bone.

The model that is displayed in Figure 2.1 consists of three pools of freely exchangeable
bicarbonate: i) the vascular pool (2.111 pumol.kg™?), which is considered the central pool, ii)
the heart-brain-*‘other’” pool (2.389 umol.kg™), which is considered the slow pool and iii) the
muscle pool (6.122 pmol.kg?), which is considered the fast pool. The CO, output rate is
(153 pmol.kgt.min), which is the result of CO production from the heart-brain-*‘other’’

pool (127.5 umol.kgt.min"!) and the muscle pool (25.5 pmol.kgt.min™?) [32].

10
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(=]
LA
LA
—
—
[ ]
]
L

——» | Vascular +—— Heart Brain
Muscle Pool Other”
il «— Il — | 2389

5

Bh
72066 |
.f;

Total Free HCO3/CO2 Bicarbonate Flux Expiration/Flux
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Figure 2.1: The physiological bicarbonate model that consists of three pools: i) the vascular

pool, ii) the heart-brain-*“other’” pool and iii) the muscle pool [32].

There is an exchange between vascular bicarbonate and the large sink of bone
bicarbonate (72.066 umol.kg?) at a rate of (23.9 umol.kgt.min?). (23.9 pmol.kg™.min™?)
value was estimated using skeletal blood flow rate that is equal to 5% of the cardiac output
and a 30% of the bicarbonate extraction ratio between bone and blood [33, 36].
(176.9 pmol.kgt.mint) is the total flux of freely exchangeable bicarbonate of which 86.5% is

accounted for by respiratory losses.

The unified model of the bicarbonate can provide us with a framework for future studies
of the effect of age, nutritional and metabolic status, exercise and acidosis on bicarbonate

Kinetic parameters [32].

Fast and slow time constants related to the bicarbonate pool dynametics are reported to

be about 3 mintues and 50 minutes [32].

11
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2.3. Stable Carbon-13 Isotope Breath Test

Isotopes such as 3C, N and 80 are stable isotopes, they are simple and safe. They can be
used with children and pregnant women because they are non-radioactive isotopes and they

contribute to the elemental content in human subjects.

13C isotope is a non-radioactive isotope that has replaced its radioactive counterpart *4C
and it is naturally available for a non-invasive diagnosis. It ends up in the exhaled air or in the

urine and provide us with the urine signal that is cumulated over time [37].

In BC-Breath test, the administered *C labeled substrate is metabolized by a specific
enzyme system to *CO; and released into the CO, pool of the body, which will equilibrate

with the bicarbonate pool, as shown in the following equation:

13C — Substrate 13€0, — Breath. (2.1)

Function or Enzyme to be examined

When additional 3CO, is expired, one can quantify the tracer-released amount as

enrichment product in the CO. expiration rate [31].

The 3C-labeled substrates have been used as an investigation tool for the evaluation of
different polymorphic enzyme activities. They enable us to measure gastro-intestinal,
hepatological and metabolic functions directly under several physiological conditions. Figure

2.2 shows some possible *C-breath tests.

12
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INFECTIONS

Helicobacter pylori:

LC.Urea B.T. non-invazsive “Gold Standzrd™ or
mfective status and eradication therapy success
control.

Bacterial Overgrowth in Small Intestine:
Lactose-*CUreide-B.T. to relate nutrient
malzbsorption  to  small mtestnzl  bacterizl
overgrowth.

MOTILITY

Gastric Emptying of lguids or semi-liguids:
3C_Acetic Acid B.T. for emptying of liquids or
semi-liguids mte small mtestme, and to screen
for state of Gastro-paresis.

Gastric Emptying of solid test meals:
BC.n-Octanoic Acid B.T. or ¥C-n-Octonoate-
B.T. to detect gastric emptying disorders and to
control treatments.

Oro-coecal Transit Time of solid test meals:
Lactose-*C-ureide-B.T. to assess impaired
intestinzl tramsit to svmptoms like vomiting,
bloating, diarrhez or constipation.

OTHER METABOLIC FUNCTIONS

Lactase Deficiency:

3 Lactose-B.T. to secure lactase deficiency.
Lactzse direct addressed by lactese = better
valid than Ha-test.

DihydroPyrimidine Dehydrogenase
Deficiency:

3C Uracil B.T. to quantify the DPD-deficiency
m  preparations for the  3-fluorouracd
chemotherapy.

CYP-450-Demethvlation-and
Decarboxylation:

13C Methacetin-B.T. to relate livers” functional
disorder to its disease by B.T. kmetics, and to
quantify functionzl hepatic reserve.

BC_Aminopyvrine B.T. to 2ssess severs liver
dysfunction and to rate patients m chronic
hepatitiz or citthosis Child-A/B/C.

Hepatocytes Mitochondrial Function:
3C.L-Methionine-B.T. to observe degradation

and oxidztion of zn 2mmo zcid, to assess hepatic
mitochondrial fimction.

Mitochondrial Beta-Oxidation Function:
BC_p-Octanoate-B.T. to zss=ss mitochondrizl
B-oxidation impaitment znd to show how liver
racover from stressful events.

PANCREAS-FUNCTIONS

Total Amyvlase Activity:

UC.Corn Starch BT, to test exocrine
pancreztic activity for chromic pancrsatiis and
for cystic fibrosis.

Pancreas-Lipase Insufficiency:

B¢ Mived Triglveerides B.T. to gquantify
pancreatic execrme msufficiency, and to adjust
mdrvidual substitutions.

UC.Triolein-B.T. to zssess the efficiency of
pancrestic snzyme substitwion for treatment of
steatothoes.

Figure 2.2: Some possible **C-Breath Tests [38].

Over 200 years ago CO, was identified as a breath analyte by Lavoisier. He examined
the carbon dioxide in breath in 1784 [39], and 30 years since the first publications and many
clinical applications later, the breath test is still unfamiliar as a diagnostic tool, and no general

agreement concerning to its applications has been reached [7].
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13C-Methacetin for Monitoring the Liver Function

This chapter discusses the physiology of the liver, liver function breath tests,
13C-methacetin breath analysis, bicarbonate kinetics of 3C-methacetin, the DOB-Kinetics, the
LiMAX-Test, the principle of FANCci2, the principle of FLIP, the influence of O2 on the DOB

value as well as the influence of dose and sports on the DOB-Kinetics and the LIMAX-Test.

3.1. The Physiology of the Liver

Liver is the largest blood-rich organ in the body; it weighs nearly (1.3 kg to 1.4 kg) in the
average adult and has a length of 7 cm to 10 cm. It has a wedge shape that occupies the right
hypochondriac and epigastric regions, as shown in Figure 3.1.A. It is located in the abdominal

cavity beneath the diaphragm and protected within the rib cage.

As illustrated in Figure 3.1.B, the liver has anatomically four lobes: i) the right lobe (the
largest lobe), ii) the left lobe (the smallest lobe), which are separated by a deep fissure, iii) the

caudate lobe and iv) the quadrate lobe, which are located inferior to the left lobe.

The liver is composed of functional units called liver lobules, which are sesame seed-
sized structures, see Figure 3.1.C. This lobule has a roughly hexagonal (six-sided) structure
consisting of plates of liver cells or hepatocytes. These hepatocyte plates radiate outward from

a central vein running in the longitudinal axis of the lobule, see Figure 3.1.D.
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The liver has the ability to regenerate itself in one week due to the mitotic division of
the remaining hepatocytes.

The liver is considered one of the most important organ in the body associated with
gallbladder and intestine, because it has many metabolic and regulatory roles. The digestive
function of the liver is to produce bile, which is a fat emulsifier that breaks up fats into tiny
particles and become more accessible to digestive enzymes that are stored and concentrated in
the gallbladder before its discharge into the duodenum. The liver has a metabolic role rather
than a digestive role, because it processes the nutrient-laden venous blood that is delivered to

it directly from the digestive organs.

region

hypochondriac 1% " 4

Left
lumbar/lateral

region
i

Right i
lumbar/|ateral | (35
region -

Right
iliac/inguinal
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(A)

Left
| iliac/inguinal
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Figure 3.1: (A) A schematic view shows the location of the liver [40], (B) Anatomical view
of the liver that shows the lobes [41], (C) An enlarged view of the functional unit of the liver

[42] and (D) A close-up view of the hepatocytes plate [43].

The nutrient-rich venous blood, that is caused due to the absorption of the digestive
products in the intestinal blood capillaries, is delivered to the liver that collects the absorbed
nutrients for the metabolic processing or for the storage before entering the general circulation

through the hepatic portal system, see Figure 3.2.
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Figure 3.2: The hepatic portal circulation [44].

The hepatic portal vein connects the capillaries of the digestive system with the
capillaries of the liver, so the blood exchange between these capillaries also receive the
venous blood from the intestine, but through the hepatic artery the liver receives arterial
blood.

In liver disease, the non-functional liver cells fail to produce the procoagulants and bile
that are required for fat and vitamin K absorption. Figure 3.3 illustrates the types and the
effects of liver diseases on the liver cells.

Hepatic Fibrosis Hepatic Cirrhosis

Figure 3.3: The types and the effects of liver diseases on the liver cells [45].

16



Chapter 3 13C-Methacetin for Monitoring the Liver Function

Liver disease is a major health problem concerned with a significant morbidity and
mortality. The etiologies and the clinical presentation may differ from asymptomatic state to
sever liver failure. Any damage to the liver cells will increase the concentration of toxic
metabolites in the blood circulation, because liver plays a vital and complex role in various

metabolic and synthetic functions.

3.2. Liver Function Breath Tests

To know how to manage patients with liver diseases, it is important to evaluate the liver
function [46]. In clinical practice, diagnosis of liver disease is based on the results of physical
examination, imaging techniques (ultrasonography, computed tomography, magnetic
resonance, etc.) and biochemical investigations [47]. It is found that there is no single
biochemical test able to predict the severity and prognosis of the hepatic diseases whether
acute or chronic [48]. For that, several quantitative tests have been used to measure the
residual hepatic function and numerous substrates to improve the diagnostic efficacy of

biochemical tests [49].

Recently a breath test has been used to evaluate the liver function. The principle of the
breath test is based on what happens to the injected substrate. When this substrate is injected,
it goes through the blood circulation, then it is metabolized in the liver and then exhaled

through the lungs. This procedure determines the liver metabolic function.

3.3. 3C-Methacetin Breath Analysis

From the breath test, we can easily assess the liver function based on the labelled substrates
that are used and metabolized in the liver [50, 51]. **C-methacetin breath test (*}C-MBT) is
the most suitable test for evaluation of the liver functional reserve compared to other tests [50,
52]. Comparing to other molecules that are used for breath tests, 3C-methacetin is
a manageable substance, safe, cheap and has rapid clearance [50, 53]. **C-methacetin can

differentiate between healthy people and people with liver diseases in a short time.
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Methacetin [N-(4-methoxyphenyl) acetamide], a derivative of phenacetin, undergoes
O-demethylation through the hepatic mixed function oxidase system to become
acetaminophen and CO., the latter ultimately being exhaled. Because of the rapid metabolism
of 3C-methacetin in healthy people and the low toxicity in small doses, *C-methacetin is
well suited substance for breath test. The hepatic microsomal enzyme system (cytochrome
P450 1A2) is evaluated by the metabolism of the *C-methacetin labeled substrate to
13C-labelled CO, and paracetamol [54], as illustrated in Figure 3.4.

I X
HN™ “CH; HN” “CH;
cytochrome P450 B3c=0
CYP1AZ N e
(13C)-Formaldehyde
CH OH |
other enzymatic steps
N-{4-[(*C)methyloxy]phenyl} N-(4-hydroxyphenyl)acetamide (fast)
acetamide (methacetin) (paracetamol, acetaminophen) l
0=C=0
dioxo(13C)methane
(carbon dioxide)

Figure 3.4: The conversion process of *C-methacetin to paracetamol and CO; in the liver
[54]. Formaldehyde is fast metabolized by formaldehyde dehydrogenase.

Cytochrome P450 1A2 (CYP1A2) is a hepatic enzyme that plays an important role in
metabolizing drugs and xenobiotics like methacetin, theophylline, caffeine and clozapine
[55].

13C-methacetin breath test belongs to the family of microsomal liver tests and it was
first described by Krumbiegel et al. in 1985 [56, 57]. Since that time, it is considered a useful

tool for assessing the degree of liver damage and estimating the functional reserve of the liver.

In the 3C-methacetin breath test procedure, the *C-methacetin is delivered
intravenously so it can detect the 3CO, quickly. Additionally, it is safer than the oral

administration to avoid a gastro-intestinal tract resorption.
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3.4. Bicarbonate Kinetics of 3C-Methacetin

The oxidation of substrates in the body is determined by the bicarbonate system. During the
oxidation process these substrates are metabolized and produce CO> that can be measured
from the expiration. When the influence factors like the physiological serum kinetics of the
substrate and the bicarbonate kinetics are taken into account in the suitable test protocols

development an accurate test result can be obtained from nBTs [58].

Three-compartment model has been used to describe the 3C-methacetin kinetics, as
shown in Figure 3.5. This model describes (M) for 1*C-methacetin, (C) for 1*COy, it represents
the total concentration of *CO, and H*COs, which are in quasi-equilibrium due to the fast

carboanhydrase reaction and (P) for paracetamol [59].

Liver Blood Other Body
Compartments
Q Y o Qx
My i : j Mg
N K K.p
Px
K}
—— ]
i K
- Cx
. Ko
R
; : _-'. Kr
:; DOB

Figure 3.5: The schematic of the 3-compartment model uses to describe the observed kinetics
of 13C-methacetin (M), paracetamol (P) and **CO- (C) (quantified in the breath as DOB): (1)
Injection of M into the blood, (2) reversible exchange of (M) between blood and liver, (3)
hepatic metabolization of (M) to (P) and (C), (4) reversible exchange of (P) between blood
and other body compartments, (5) reversible exchange of CO2 between blood and other body
compartments, (6) respiratory removal of (M) and (7) injection of H**COs (in the proposed
novel 2DOB-method). Qg, Qi and Qx denote the volume of the three compartments [59].
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It was reported that, the exchange of the 1*C-methacetin (M) in the plasma compartment
(B) with the liver compartment (L) is reversible. The kinetic discrimination from exchange
with the liver was not feasible from the measurements of plasma 3C-methacetin, so the

exchange of methacetin with other body compartments was not considered [59].

Paracetamol (P) and 2*CO2 (C) may exchange reversibly between plasma compartment
(B) and body compartment (X). Because the plasma half-life is (1.5-2.5) hrs. [59, 60], the
excretion of the paracetamol was not considered, but by K.p parameter the potential influence

of paracetamol excretion on its plasma profile can be partially captured.

This model provides a suitable ansatz to explain the DOB-Kinetics we have investigated
and that are presented in the next paragraph. In our experiment, we found additional 3CO;

level on time scales after 2 hours.
3.5. The DOB-Kinetics

In the medical field, respiratory gas analysis is now increasingly being used because it is
considered to be a non-invasive method that has a little impact on the patients. The patients'
breath samples were collected in the bags and then analyzed in the laboratory with mass or

infrared spectrometers.

The DOB Kinetics reflect the change in $3C0O2/*2CO; ratio Ry in the breath, where the

isotope ratio is given by the following equation:

3C0o, ()

Ry = 5——. 3.1
® 12C02(t) ( )

DOB means Delta over Baseline in %o, which is defined by to the following equation:

DOB, = LW=2@), q90g, (32)

PDB

DOB(maX) S DOB(tmax). (33)
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For the isotopic ratio the Pee Dee Belemnite standard is set with Repg = 0.01123686. In
fact, the measured Repg-value is subjected to regional variations. Thus, for example:

o for Central Europeans:

RPDB
e for Americans:
Rppp
Ray = ) 3.5

With the method that is currently used, the total CO.-production cannot be measured,
because in the FANci measuring method, only a fraction of the total tidal volume is analysed.
The FLIP method also does not detect the total CO> amount [61]. However, this is important
because the DOB value describes the relative change of the CO- isotope ratio, but not the
absolute 3CO. excess. Instead, the CO, production is estimated by equation 3.6, which

depends on the body surface area of the patient and it has been accepted:

mm mmol]
2

CO,Production = 300[ n

] + BSA[m?] [ (3.6)

h.m

The body surface area (BSA) as a function of the height (H) in cm and weight (W) in
kg. It is calculated according to several formulas, which, however, provide comparable

results.

In this work, BSA is calculated using the Du Bois formula [62]:
BSA(M?) =0.007184 * W42 * H0.725, (3.7)

A precise measurement of CO. production is, however, necessary for an accurate

statement about the liver performance.

After administration of 2 mg *3C-methacetin per kg body weight, the degree of the liver

dysfunction can be verified concerning to the change in time of Ry and the DOB kinetics.
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3.6. The LiIMAX-Test

LiIMAX means Liver Maximum capacity. The LiMAX-test is a non-invasive technique that
developed by Priv.-Doz. Martin Stockmann and is used in the Charité. It is based on the
hepatocyte-specific metabolism of the **C-labelled substrate (methacetin; Euriso-top, Saint-
Aubin Cedex, France) by the cytochrome P450 1A2 enzyme, which is ubiquitously active
throughout the liver [63, 64].

The LiMAXx-test was assumed to represent an accurate surrogate parameter of liver
function capacity, because the readouts were highly correlated with functional liver volume
(r=0,94; P<0.001) [63, 65]. The LiMAX value can be calculated from the following formula
[65]:

DOBmax * RPDB * PCOZ *M

LiMAx =
iMAx BW

(3.8)

where:
LiMAX =£2 /.
kg

DOBmax = Maximum value of the DOB kinetics

Repe = 0.011237.

Pcoz2 = The CO, production rate = 300 mmol/h*BSA m?.
M = The molar mass of (**C-methacetin) = 166.19 g/mol.

BW = The body weight in kg.

When the labelled substrates are orally administrated the gastrointestinal absorption
variations will occur and the maximal plasma levels will differ. This precludes a reliable
kinetic analysis of the CYP1A2 activity as an actual metabolism dependents on the available
substrate [65]. To solve this problem the LiIMAX test with intravenous bolus application was

developed.
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The LiMAX test procedure based on putting the patient in a resting horizontal position
after at least 6 hours fasting. The baseline *CO2/*CO; ratio is recorded ten minutes prior to
the injection with *C-methacetin and the mean is used for the delta-over-baseline (DOB)
calculation. **C-labeled methacetin is injected as a bolus of 2 mg/kg body weight over
a maximum of 30 seconds into an intravenous catheter, followed by 20 mL 0.9% sodium
chloride solution. Breath analysis is performed by a suitable device which is directly
connected to the patient (online measurement), this procedure takes 60 min. Referring to
Stockmann at el. study [63], “Mechanically ventilated patients were respired with 100%
oxygen during the test to reduce interference with nondispersive isotope-selective infrared
spectroscopy” [65, 66].

3.7. The Principle of FANCci2

With a frequency of as approximately 1/min by a modified non dispersive isotope-selective
infrared spectroscopy based device (FANCci2-db16, Fischer ANalysen Instrumente GmbH,
Leipzig, Germany) breath samples were automatically drawn and analyzed.

FANCci2, which is a Fischer ANalysen Instrumente, is a photo-acoustic NDIR-
Spectrometer for measuring the 3CO- to 2COz ratio. As a light source, a black body radiator
is used. Two detection chambers are filled with 3CO, or *2CO,, in each of them there is
a microphone. Between the light source and the detection chamber there is a chopper to
modulate the IR radiation and the measuring chamber are filled with the gas to be tested. The
molecules in the detection chambers absorb the modulated IR radiation and convert it to
thermal energy. The so-modulated density fluctuations cause sound waves, and each is

measured with a microphone.

The disadvantage of the device is that it is very sensitive to vibration and temperature
changes. Also, the breath cannot be measured in the flow state, so instead of this an aluminum

bag is used.

In standard mode, the breath is collected by bag and connected to the device, then it
pumps the breath air into the measuring chamber. During blowing, it is important to make
sure that only the alveolar air is used. The air that does not reach the alveoli has the CO>

content of the inspired air would distort the values. With this measuring method an accuracy
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of £2 DOB can be achieved according to the manufacturer, but it does not provide absolute
values for exhaled CO2 volumes [67].

3.8. The Principle of FLIP

Flip means Flow-through Fast Liver Investigation Packet. The FLIP can measure the
13C0O,/*2CO; ratio in exhaled breath. It was developed by Prof. Dr. Karsten Heyne at Free

University Berlin/Germany.

The ultra-sensitive laser spectroscopy system of the FLIP within the LiMAX-test can
quickly and reliably determine the capacity of the liver function. The FLIP/LIMAX system,

greatly improves the surgical intervention planning.

The laser based FLIP device detects a metabolic product of the enzymatic conversion of
the drug methacetin in the liver in the exhaled air. This metabolic product is the *CO;
isotope, which is stable, non-radioactive and detected by the unique sensors in the device even

at extremely low concentrations (100 ppb) in every single breath [68].

The FLIP measures in real-time a continuous flow of air. It has been developed in
cooperation with medical professionals and is adapted to various clinical situations. The FLIP
has unified the mobility, the usability and the practicality. It has been used successfully in

various intensive care units, emergency rooms, operating theatres and outpatient stations.

3.9. The Influence of O2 on the DOB Value

The DOB maximum value correlates well with the liver function capacity. It corresponds to

the maximum of the metabolization rate of methacetin.

It is well known from the measurements in the Charité that pure O ventilation leads to
an increase of the measured DOB value of the patient. The reason for this has not yet been
established.

To exclude the biological cause, gas mixture with the same *CO, to 2CO; ratio but

different oxygen concentrations from 7% to 90% were prepared and measured.
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According to Rubin’'s study [67], “there was a good agreement for the influence of the
oxygen on the DOB value of the patient [66] and the increased of the DOB value measured
using FANCci2 by 20 (1) when Oz is used instead of N> as a residual gas”, as shown in Figure

3.6.

Particularly in the critical cases, the incorrect measured DOB increasing by the
influence of oxygen is greater than the actual DOB signal. In the methodology that is

developed by Rubin there is no influence on the DOB value by the presence of oxygen.
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Figure 3.6: The influence of oxygen on the DOB measurement by using FANci2: The
increase corresponds to 20 (1) DOB after replacing 100% N2 with 100% Oz as a residual gas
[67].

3.10. The Influence of Dosage and Sports on DOB-Kinetics and LiIMAX-Test

19 healthy volunteers with no known liver diseases (15 male / 4 female, mean age 30+7 years,
range 21-47 years, mean body weight 75+13 kg, mean body mass index 23.2+2.9 kg/m?,
mean body surface area 1.9+0.2 m?) were recruited for the study from July 2008 to December
2008. The study protocol was prior approved by the faculty’s (University Medicine Berlin -
Charité; Germany) ethical review board and written informed consent was obtained from each

individual.

The volunteers were injected with *3C-methacetin intravenously (1V) at the bend of the

elbow (antecubital fossa), as explained in Figure 3.7.

25



Chapter 3 13C-Methacetin for Monitoring the Liver Function
@Methacetin 40 | —=— Healthy Liver ]
_‘_._‘...;.. el LT T —— Bad Liver
“LCYPILA2 ;—5\ 30 —+— Liver Failure
o 20
Paracetamol + @Oa 8
............. Hepatocyte 10
........... 0 Sgen-tattes
------ 0 10 20 30 40 50
Time / min

@—Methac-etini_i b -
NaCl | b d

Gas Analyzer + Computer

Figure 3.7: Scheme of *C-methacetin breath test / LiMAX test: iv administration of

13C-methacetin and NaCl induces the metabolization (upper left) to paracetamol and *CO;

13CO; is dissolved in the blood, transported to the lungs and exhaled; exhaled air is analyzed

by a gas analyzer detecting the additional exhaled 3CO; plotted in %o as a function of time

(upper right). The maximal DOB value indicates the liver status (healthy liver, bad liver and

liver failure).

The DOB kinetics of 33C0,/*2CO, ratio were measured for 60 mins. The 3C0,/*2CO;

ratio is standardized by the Pee Dee Belemnite standard.

Each subject performed the LiMAX test for five measurements in five different days

with different doses and different cycling times, as shown in Figure 3.8.
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Figure 3.8: Measurement schemes for 5 days as a function of time in minutes with different

dosages and different cycling times; bed: resting time; syringe: 3C-methacetin iv bolus

application; bicycle: cycling period.
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We set a constant cycling load that was determined by a bicycle ergometer to a heart
frequency of 1.9 times the resting heart rate, the power was about 50 W. The transition from

resting to cycling and back was as fast as possible.

The Procedure:
* In the 15 Day:

The volunteers were injected with 2 mg/kg body weight *3C-methacetin without doing

sports (normal LiMAX-test).
* In the 2" Day:

The volunteers were injected with 2 mg/kg body weight $3C-methacetin and did sports
from min(50) to min(60).

* |n the 3" Day:

The volunteers were injected with 4 mg/kg body weight $3C-methacetin and did sports
from min(50) to min(60).

* |n the 4" Day:

The volunteers were injected with 2 mg/kg body weight *3C-methacetin and did sports
from min(-10) to min(20).

* In the 5" Day:

The volunteers were injected with 4 mg/kg body weight *3C-methacetin and did sports
from min(-10) to min(20).

The data were simulated with a maximum of three exponentials with the following

formula;

t t t
DOB) = —A; * exp (— —) + A, x exp (——) +A43 * exp (— —) (3.9
T T2 T3

Here, the amplitude A:;= -(A>+A3) represents the maximal amount of metabolized
13C-methacetin. The first exponential 1 describes the rise of the 33CO; in the exhaled air due
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to metabolization. This rise directly mirrors the fast metabolization of the 3C-methacetin. The
time constants T2, and 13 of the second and third exponentials reflect the decay of the *CO,
concentration in the bicarbonate pool to zero. In resting patients with single dosage of 2mg/kg
we found typical values for 11 of (3.0+0.5) minutes, for 12 of (24£4) minutes and a fixed time

constant 13 of 180 minutes [59].
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Figure 3.9: The typical DOB kinetics, x: the day of the measurement, d: the max. of the
graph, I: the max. of the fitting, i: the integration of DOB, t: the time and a: the area (i/t).

Figure 3.9 shows the typical DOB kinetics. Three different measures to characterize the
Kinetics have been looked at, (Ix): the maximum of the fit curve, (dx): the maximum point of

the data and (ix): the area below the fitting curve.

The reproducibility of the measured value was assessed by comparing (Ls): LiIMAX
value by simulating data and (Lq): LIMAX value by raw data of the different measurements

with one another.

The result for a(min20), a(min50), data (d) and line (I), was (0.98+£0.04) and for
(A2+A3), the result was (0.98+0.05), so it is nearly the same. The a(min50) has the smallest

error and it is more reproducible, but the information of the DOB Kinetic is lost.

The BCO,/*?CO, ratio in the exhaled air was tracked for more than 60 minutes.
Datapoints were taken every 1-2 minutes. The exhaled *CO./*>CO ratio in DOB (delta over
baseline) in %o is presented in Figure 3.10, which are shown the influence of dose and sports
on the DOB-Kinetic and LiMAX-Test.
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Figure 3.10: The effect of different doses of 3C-methacetin: (A) doing sports from min(50)
to min(60) and (B) doing sports from min(-10) to min(20).

To investigate the dependency of the dosage *C-methacetin was applied intravenously
in a dosage of 2 mg/kg and 4 mg/kg and breath recovery was analyzed for 50 minutes to see
the dependency of the dose. Figure 3.10.A illustrates the effect of double dose between the the
2"4 measurement and the 3@ measurement and figure 3.10.B illustrates the effect of double

dose between the 4" measurement and the 5™ measurement.

When the doses are doubled from 2 mg to 4 mg, the results for a(20), a(50), data (d) and
line (I) changed by (1.8+0.3) and for (A2+A3) the result changed to (1.9+0.4), so it nearly
doubled. The doubled dose of methacetin nearly doubled the maximum DOB value due to the
higher blood concentration of methacetin. The amount of methacetin metabolism is

proportional to its concentration in the blood.

To investigate the influence of cycling all the cases underwent exercise (cycling) by
an ergometer (~50 W) from min(50) to min(60) in the 2" and 3 measurement and from
min(-10) to min(20) in the 4™ and 5" measurement to see the influence of cycling, comparing
Figure 3.10.A with Figure 3.10.B. With cycling our results for a(20), a(50), data (d) and line
(), were (0.33£0.08), nearly (1:3).

The DOB ratio decreases with sports since the muscles are producing COz in significant
amount, reducing relatively the 3CO; concentration supplied by the liver/methacetin. After

sports completion, less CO> produced by the muscle leading to the recover of the DOB value.

The dose and the sports can be considered good indicators for the liver capacity. When

the dose is increased, the average of the DOB increased in both cases within the time. This
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indicates that $3C-methacetin is well absorbed and metabolized. When the exercise duration
increase, the rate of mitochondrial CO2 production decrease due to the slower rate of
carbohydrate oxidation and faster rate of fat oxidation during exercise in the trained state and

also bicarbonate recovery increased with exercise.

13C-methacetin as well as paracetamol blood levels were determined by HPLC at 0.5, 1,
2, 5, 10, 30 and 60 minutes after iv 3C-methacetin administration. Blood probes were drawn
in a standardized manner as reported before: [59] 5 ml were discarded and a sample of 5 ml
was drawn in a serum tube. Probes were centrifuged with 1,500 g for 4 minutes and the serum
aliquot was separated. Blinded probes were analyzed for 1*C-methacetin and paracetamol by
high performance liquid chromatography (HPLC). HPLC analysis was performed using
a Ultrashere ODS with a LC-6B system (Shimadzu) at a flow rate of 1.5 ml/min, with
UV-detection at 260 nm. Samples of 50 pl serum were mixed with 100 pl of
acetronitrile/methanol solution (1:1) and centrifuged at 10,000 g for 8 minutes before HPLC.
Samples of each 10 pl were applied to the analyzer. A commercial HPLC-Test-Kit for
measurement of levetiracetam was used for the analysis. The Kit-conditions were modified
for estimation of methacetin and paracetamol. Chromatography was performed with the
LC-6B system. The sensitivity was 0.5 pg/ml with proven test linearity up to a concentration
of 100 pg/ml. The mean interassay variability was 6.8% for methacetin and 6.9% for

paracetamol.

In Figure 3.11 the DOB kinetics (black and grey curves) and the clearing kinetics of
13C-methacetin (green and dark yellow curves) and the rise of paracetamol in the blood (red

and magenta curves) are shown.
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Figure 3.11: DOB kinetics, methacetin blood level and paracetamol blood level of the same
person as a function of time after methacetin administration: Day 1: DOB kinetics (black
dots) and simulation (black curve), methacetin blood level (dark yellow diamonds), and
paracetamol blood level (red triangles); day 2: DOB kinetics (grey dots) and simulation (grey
curve), methacetin blood level (green diamonds), and paracetamol blood level (magenta
triangles). Left: Units for the DOB kinetics; right: Units for the blood levels.

We found matching time constants for the decay of **C-methacetin, and the rise of the
DOB signal. This directly reflects the consumption of 3C-methacetin and generation of
13C0O,. Unfortunately, fast and precise measurements of blood levels after 3C-methacetin
application is challenging, resulting in significant level deviations at early times as depicted in
Figure 3.11 (green and dark yellow curves). Here, the maximal *C-methacetin blood levels
vary from 27 pg/ml to 12 pg/ml thirty seconds after administration for the same measurement

at two different days.

In contrast, the additional exhaled *CO, (black and grey curves), and the paracetamol
blood levels (red and magenta curves) displayed in Figure 3.11 are very reproducible. The
paracetamol blood levels exhibit a delayed rise of ~ 1 minute with a slightly slower rise time
compared to *CO; [59]. The major part of *C-methacetin is metabolized on a short time
scale of ~3 minutes (green and dark yellow curves). In the first 20 minutes the blood level of
paracetamol appears to be at least a factor of five smaller than the methacetin level. Since,
measurements on day 1 and day 2 are identical up to 50 minutes after administration, we can
directly evaluate the reproducibility of the DOBmax values and the maximal paracetamol

levels in the blood.
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The correlation of the DOBmax Values, the maximal paracetamol blood levels,
correlation of DOBmax with maximal paracetamol blood level and the maximal methacetin

blood levels are presented in Figure 3.12.
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Figure 3.12: Analysis of the reproducibility of DOBmax, and maximal paracetamol blood
level at two different days for the all subjects: DOBmax With correlation coefficient of Rp=0.78
(upper left), maximal paracetamol blood level with correlation coefficient of R,=0.83 (upper
right), correlation of DOBmax with maximal paracetamol blood level of Rpp=0.5 (lower left)

and maximal methacetin blood level with correlation coefficient of Rp=-0.06 (lower right).

The Pearson coefficient show a very good correlation of Rp=0.78 and R,=0.83 for the
DOBmax values, and maximal paracetamol levels, respectively. The correlation between
DOBmax value and maximal paracetamol level is depicted. Here, we found only a reasonable
correlation with Pearson coefficient of Rpp=0.5, with a slope intersecting the y-axis at ~ 21
DOB. The reduced correlation could point to different diffusion properties of **CO, and
paracetamol in the liver cells. Moreover, paracetamol staying in the liver cells, while 13CO; is

already distributed in the blood could account for the significant DOB value at the
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intersection of the y-axis. In contrast, the maximal 3C-methacetin levels in the blood for
repeated measurements show no correlation (Rm=-0.06).

The LiMAX values (Lg) of 19 subjects were determined by the maximum of the exhaled
13C0O,/*2CO; ratio as a function of time (DOB kinetics) as presented in Figure 3.10 and 3.11
using equation 3.8 [63]. The LiMAXx-values found, support normal liver function of the
patients. The LIMAX value is proportional to the DOBmax Value at time tmax, i.€. the maximum
of the DOB transient. All other parameters in equation 3.8 stayed constant for the same
patient. Thus, we used DOBmax in our analysis to investigate the dependence of DOBmax and

LiMAX on several parameters.

Since the individual data points of the DOB kinetics exhibit error margins and
fluctuations, we used a multi-exponential fit function to simulate the measured data, see
Figure 3.11. From the simulated data we extracted the maximum of the DOB kinetics and
used this value to determine the LiIMAX value Ls. The DOB Kinetics reflect the additional
exhaled *CO; due to 3C-methacetin metabolization after administration. Thus, integration of
the simulated DOB kinetics from application to 20 minutes (A2o) or 50 minutes (Aso) after
application reports the amount of metabolized and exhaled '*C-methacetin. Integration
reduces the influence of random noise, increases the influence of fluctuations on a longer time

scale, and is affected by the bicarbonate pool dynamics for longer integration times [29, 32].

Repeating the measurements for the same subjects at different days shows a very good
average reproducibility of (99+4)% for Ls, (98+4)% for Lg, (98+4)% for Az, and (98+3)% for
Aso. For all measurements the average reproducibility of the values of Ls, Ld, A2o, and Aso

agreed within the error margins.

The individual reproducibility for two consecutive measurements was identified by the
Pearson correlation coefficient. We found a Pearson coefficient R of 0.80 for Lg, and Ls. For
the amplitude Az, not influenced by the later bicarbonate pool dynamics we found a slightly

smaller Pearson coefficient R of 0.78.

It was reported that the LIMAX value provides a linear correlation to the healthy liver
volume of R=0.94 [65]. Increasing the dosage could result in saturation effects. Here, we
investigated the influence of doubling the dosage on the DOB kinetics. The LiMAX value was
determined up to 50 minutes after application with dosage of 2 mg/kg body weight and
4 mg/kg body weight for day two and day three, respectively (Figure 3.8 and 3.10). Upon
doubling the dosage the DOB kinetics were nearly doubled as presented in Figure 3.10.

33



Chapter 3 13C-Methacetin for Monitoring the Liver Function

Analysis of the LIMAX values Lg showed that the LiIMAX values increased by (1.8+0.1)
upon doubling the dosage. This dependence deviates only slightly from linear behavior and

points to small saturation effects for dosages as high as 4 mg/kg body weight.

After 50 minutes the patients started to cycle for 10 minutes and rested the following
10 minutes, see Figure 3.8 and 3.10. As depicted in Figure 3.10 upon cycling the exhaled
13C0O, / 12CO; ratio (DOB value) decreases nearly exponentially, followed by a DOB increase
when the patient rests again. The DOB level does not fully recover to its original value upon

resting on a time scale of 10 minutes.

Stable cycling conditions were used at day four and five when *C-methacetin was
administered. As shown in Figure 3.10, the patients started cycling 10 minutes before
administration and stopped 20 minutes thereafter. In this time window, the level of
additionally metabolized *3CO, upon *C-methacetin metabolization rises with an averaged
time constants of (6x3) minutes for both dosages, see Figure 3.10. Upon resting the DOB
level rises with an averaged rise time of (25£20) minutes.

We found a reduction of LiMAX values Ls to (33+2) % with respect to resting
conditions, see Figure 3.10. Again, doubling the dosage result in nearly identical transients
with nearly doubled DOB values, and increased LiIMAX value by a factor of (1.82+0.06).
Here, we observed a slightly smaller standard deviation in comparison to measurements under

resting conditions.

After cycling, the DOB values rise with beginning of resting and levels of after
~ 50 minutes. We found an averaged rise time constants of (25£20) minutes with DOB levels
nearly matching the DOB levels of resting conditions (day 1 and day 2) upon single dosage,

as shown in Figure 3.13.
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Figure 3.13: Example DOB kinetics and simulations with single dosage without sports (day
1: black dots and black curve) and with sports (day 4: blue dots and blue curve). Kinetics
without sports have a single exponential rise and decay; kinetics with sports have a single rise
time, followed by a slower rise time upon resting at about 20 min, followed by an exponential

decay. The long decay constant is fixed to 180 minutes; time constants are given.

This nearly matching of DOB levels in all measurements comparing day 1 and day 4
indicates a reversible redistribution of CO> in the different body compartments upon physical

activity within ~1 hour [29, 59].
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Chapter 4

Materials and Experimental Work

This chapter explains the materials and the apparatus used in this study as well as the

procedure we followed.

4.1. Breath Gas Sampling

After preparing the Tedlar bags and asking the people to take a deep breath, they were asked
to blow direct into the bags. These bags were cleaned after each use with dry air (three times),

to be sure that all the particles from the exhaled breath of the previous person were removed.

The collected breath samples contained breath from the alveolar phase, the transition
phase and the anatomical dead space of an expiration cycle. People were asked to breathe

normally and to blow into the Tedlar bags up to nearly filling the bags in one breath cycle.

4.2. Tedlar Bag and Teflon Tube

The breath samples were collected using 2 liter Tedlar bags, which are transparent and are
possible to reuse (SUPELCO Analytical, USA). Tedlar bags are gas sample bags that are used
because they are inert. They are made from Teflon (Polytetrafluoroethylene-PTFE) and are

named Tedlar bags commercially. They are shown in Figure 4.1.A.
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PTFE is a synthetic fluoropolymer of tetrafluoroethylene that has numerous
applications, because of its many properties: it has excellent chemical and temperature
resistance, good aging properties, remains tough and flexible over a broad temperature range,
and contains no plasticizers. Hence, it is a highly viable material for breath testing. Tedlar
film resists gas permeation both into and out of the bag. Tedlar bags are rated for continuous
use, from -72 to 107 °C, so they are used in very cold or very hot environments.

The Teflon tube as shown in Figure 4.1.B, which is (153 cm) long, (3 mm) outer
diameter and (1 mm) inner diameter was used in our measurement with lon Mobility

Spectrometry (IMS) to pump the air from Tedlar bag into the measuring device.

Figure 4.1: (A) two Tedlar bags one of them is inflated with breath and the other is not and
(B) the Teflon tube.

4.3. Effect of Tedlar Bag on VOCs

According to Thekedar et al. [69], “it was found that with Tedlar bags ~80% of the CO: is
lost during 3 days, this decreases the concentration of protonated water dimers in the drift
tube and decreases the concentration of VOC. For that, the loss of humidity from the bag has
more critical role than the CO, and humidity variation during breath sampling”.

Possible reasons for this variation may be referred to the presence of
N,N-dimethylacetamide [70] and phenol, which are emitted from the Tedlar bag (Amman,

private communication, Di Francesco, private communication) [71].
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The sample storage time with Tedlar bags also effects the VOCs concentration due to
diffusion through the bag materials. It found that only water can permeate through the wall

until the relative humidity inside the bags reaches the ambient air values.

Beauchamp at al. [72] found that some VOCs concencentrations increased even with
unused and cleaned Tedlar bags. This may denote to the diffusion into the bags especially
when the concentration of these compounds in the room air is higher than in the bags.

4.4. ldentification of the VOCs

The VOCs were identified in exhaled breath samples by using two types of spectrometers.

These two types of spectrometers are described as follows:

4.4.1. Proton-Transfer Reaction Mass Spectrometry (PTR-MS)

The details of the PTR-MS were first described in 1995, but it was invented by Professor
Werner Lindinger and his colleagues at the University of Innsbruck in Austria in the middle
of the 1990s for the monitoring of the VOCs in air. It is a useful device for online
measurement of the VOCs. This device has a wide range of applications especially in medical

diagnosis and food science. It is also used in atmospheric compounds analysis.

For the measurements, a standard PTR-MS instrument was used in this study which is
commercially available instrument manufactured by IONICON (GmbH, Innsbruck, Austria).
PTR-MS consists of three different parts: ion source, drift tube reaction chamber and
quadrupole mass analysing system, which consists of a Quadrupole Mass Spectrometer
(QMS) and a Secondary Electron Multiplier (SEM).

PTR-MS is a type of mass spectrometer that operates under low pressure to prevent
collisions between ions or between ions and contaminants that would lead to the loss of

analyte as neutral species and will not pass through the mass analyzer and hit the detector.
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4.4.1.1. The Principle of PTR-MS Measurement

The VOCs enter the drift tube of the PTR-MS unit through the breath gas inlet to react with
the H3O™" that comes from the ion source. Then these VOCs are detected in the quadrupole
based system. The analysed data are shown on a computer by a special program. These steps

of measurement are illustrated in Figure 4.2.

Proton Transfer Reaction Mass Spectrometry
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Figure 4.2: Schematic view shows the steps of measurement with PTR-MS [73].

PTR-MS uses the constituents of the exhaled air (VOCSs) in the drift tube by reaction
with the ions of hydronium (HzO"), which has previously been produced in the discharge ion
source. This allows to detect the protonated VOCs, which are separated by a mass selective

quadrupole detector according to their mass/charge ratio and detected by an ion detection unit.

Munson and Field [74] had introduced that “the PTR-MS linked with chemical
ionization. This chemical ionization (CI) is based on the proton-transfer reactions. For that,
H3O™ is the most suitable primary reaction ion used for analysing the complex air samples
even if there are other precursor ions available such as NO* and O2*”.
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There is no reaction with any of the natural components of air such as Oz or N2, because
their proton affinities are lower than that for H,O, and the reaction depends on the proton
affinity as well as on the other factors like the collision rate constant, the reaction time and the

kinetic energy of the ions.

As shown in Figure 4.3, the PTR-MS unit is divided into two parts: the first part for
charging the VOCs, which is represented by the ion source section and the drift tube reaction
chamber section, the second part for mass/charge ratio separation and detection, which is
illustrated by the quadrupole mass system and the secondary electron multiplier of the

quadrupole mass analysing system.

The First Part The Second Part
Charging of the VOCs Mass Separation and Detection
Ton Source Drift Tube QMS SEM
] ; @
Hg(,) / Hg(i)_ +VOC
H;O~ : H O+ VOC-H~ i
e x 2%

Figure 4.3: The process of the measurement with PTR-MS [75].

In the first part of the PTR-MS unit, H3O" (with a high purity > 99%) is produced from
the very pure water vapour via a hollow cathode. This part of protonation occur in the ion

source, as illustrated in the following equation:

H,0 + H* > H,0". (4.1)

This pure HsO"™ moves to the drift tube reaction chamber by a high electrical field to

interact with the gas mixture that contains the VOCs, as illustrated in the following equation:

H,0" + VOC — H,0 + VOC—H*. (4.2)
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In the second part of the PTR-MS unit, which is operated at a high vacuum, the ions are
separated according to their mass to charge ratio by oscillating electrical fields.

The quadrupole mass system consists of four parallel rods, each two facing rods pairs

are connected to the DC source electrically have the same charge (positive and negative).

Additionally an oscillating radio-frequent field is applied. By increasing the field
voltage and keeping the ratio between the field constant, the trajectories of the ions that are

accelerated through the mass filter will alter.

The ions will enter the electric field. Thus, the ions with a high mass to charge ratio
(m/z) will pass this part of the device but the ions with a low mass to charge ratio (m/z) will
hit one of the rod that has an opposite charge and will be neutralized.

The ions that passed the previous section (m/z filter) will be delivered to the secondary
electron multiplier. It has many discrete plates, which are connected by means of a chain of
resistors. In the secondary electron multiplier, by applying a high voltage, the incoming
electron will trigger a cascade: it strikes the first plate and generates an ion beside the original

ion, then these two electrons strike the next plate and release more electrons, and so on.

This detector cascade induces the electrical signal measured with the detectors.

4.4.1.2. Measurement with PTR-MS

For this device, the exhaled breath samples were collected from different case groups (health
statuses) to examine the typical odor that caused by VOCs from those with oral malodor as
a differential diagnosis.

i. Vegan (People with Special Nutrition)

33 vegans were tested in this procedure (4 males and 29 females); their age between
(21-71) years old in a good health condition. They were put on a vegan diet for two months
(with the expectation of lowest concentrations of toxic substances in their bodies). One breath

sample (Tedlar bag) was collected from each person, (see Table 1 in Appendices).
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Vegans are like Vegetarians, that do not eat any dead animals, or parts of them. This
means vegetarians do no eat meat, poultry (chickens, turkeys, ducks, etc.), fish or other water
animals (like shrimp and crabs), or any by-products of these animals, like gelatin or animal
fats or cheeses made from rennet taken from the stomach of calves. Vegans do not eat any of
these either but they also strive to avoid all animal products for food (milk and milk products,
eggs and honey) since these cause pain and suffering. They also often avoid animal products-
leather, silk, pearls, wool or even paint brushes made of animal hair, as well as products that

have been tested on animals.

ii. Volunteers (Reference)

20 volunteers were participated in this procedure (10 males and 10 females); their ages
between (21-49) years and they did not suffer from any known diseases. Two breath samples
(Tedlar bags) were collected from each volunteer; the time between these two samples was
about 2-3 min. to assess the accuracy and the reproducibility of our measurements. The Tedlar
bags were collected early in the morning, so they had not eaten for nearly 6 hours. This allows
a comparative study with the patients suffering from liver diseases, who are submitted to the
LiMAXx-Test, and must have fasted for at least 6 hours before the test, (see Table 2 in

Appendices).

In our measurements, we took the average of two breath samples (Tedlar bags) for each

volunteer.

iii. Patients with Liver Diseases

59 patients with liver diseases were submitted to this procedure (35 males and 24 females);
their age between (23-80) years old and they had fasted for at least 6 hours before submitting
to the LIMAX-Test. Two breath samples (Tedlar bags) were collected from each patient, the
first one before submitting to the LiMAX-Test and the second one after submitting to the
LiMAX-Test, (see Table 3 in Appendices).

In our measurements, we took the average of two breath samples (Tedlar bags) for each

patient.
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4.4.2. lon Mobility Spectrometry (IMS)

IMS is used to detect the gas sample characterisation with a low limit, because it is considered
a fast and highly sensitive method. It quantifies the analytes and displays the unknown

compounds.

For the measurements, an IMS (ISAS Institute for Analytical Sciences, Dortmund,
Germany) was used. IMS has two regions: the ionisation and reaction region and the drift

region.

IMS is applied with radioactive source, the most favourite radioactive source is the
Nickel (3Ni), because it is a (B") emitter, efficient, simple, stable, reliable and it has a long life

time. The electron emitted from the Nickel (3Ni) has a maximum energy of 67keV.

Despite the fact that a negative particle is released, the Nickel-63 creates both positive
and negative ions. Positive ions are created by the high-energy electron striking a neutral gas
molecule and knocking off an electron from the molecule, thus leaving the molecule
positively charged, introducing an additional low-energy electron into the gas and leaving the
impact electron with only a slightly lower energy. This low-energy electron then attaches
itself to another molecule to create a negative ion. Just one 67 keV beta particle emitted from
Nickel-63 has enough energy to generate about 1000 negative and positive ion pairs. The
analyte molecules are ionized by charge exchange with the initial ions that are created by the

emitted beta particle.

When these electrons are generated, they interact with the air (carrier gas) forming
a reactive ion peak (RIP), which is a stable intermediate ion that has positive and negative
charge. By collisions, they transfer their charge to neutral molecules. The RIP is used as one

calibration point in the IMS (strong line on the computer in Figure 4.4).

The basic function of the IMS is to ionize the gaseous analytes in the ionisation and
reaction region, and then by applying the electrical field, the characteristic drift time is
detected.

Currently, IMS is coupled with a Multi-Capillary Column (MCC) to pre-separate the
analytes before entering the IMS and separate the analytes by their chemical interactions with
the column. This reduces the complexity of the signal and result in a 3D plot as depicted in
figure 6.5 in Appendices.
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4.4.2.1. The Principle of IMS Measurement

The VOCs enter the ionisation and reaction region (the first part of the device) through the
breath gas inlet and are ionized by the radioactive source (®3Ni). Then they enter the drift
region (the second part of the device) through the ion shutter to be detected by a Faraday
plate. The analysed data are shown on a computer by a special program, these steps of

measurement are shown in Figure 4.4.
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Figure 4.4: Schematic view shows the steps of the measurement with IMS [76].

In the IMS unit, the sample breath enters the ionization and reaction region (the first
part of the device) through the breath gas inlet. In the ionization and reaction region, the
molecules are ionized by Nickel (®3Ni) as (ionization source) that emits B~ particles. After the
ionization, the molecules are driven to the drift region (the second part of the device) passing
through the ion shutter that is opened for a short time (every 100 ms) letting only a small

amount of molecules enter the drift region.

In the drift region, the ions drift towards the Faraday plate, which is located at the end
of the drift region, by the influence of the electrical field and collide with the drift gas

molecules that come from the opposite direction. Because of these collisions, the ions are
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decelerated in a different manner depending on their structure and reach to a steady drift

velocity.

It is found that coupling the IMS with the MCC is suitable for human breath
investigation. With the complex biological samples, the IMS alone does not give a good

identification and quantification of the sample due to the overlap of different analyte peaks.

MCC as shown in Figure 4.5, consists of a single glass tube with 1000 parallel
capillaries with a diameter (40 um). These capillaries are coated with a gel, which is OV-5

phase (5% Phenyl, 95 % dimethyl polysiloxane) on the inside with a thickness of 200 nm.
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Figure 4.5: Schematic view shows the MCC and its compounds [77].

When the analytes enter the MCC, they bind to the gel depending on their affinity. The
higher binding affinity compounds need more time to pass the MCC than others.

The sequence of IMS spectra measurement called MCC/IMS measurement and it takes
10 min. for complete measurement. The time that the compound needs to pass the MCC is
called retention time and it is measured in seconds and the time that the compound needs to

pass the drift tube in IMS is called drift time and it is measured in milliseconds.
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4.4.2.2. Measurement with IMS

For this device, the exhaled breath samples were collected only from the volunteers.
10 volunteers were contributed in this procedure (4 males and 6 females); their age varied
between (24-40) years and they did not suffer from any known diseases. One breath sample
(Tedlar bag) was collected from each volunteer and they also blow direct into the device two
times: i) before collecting the breath sample and ii) after collecting the breath sample, (see

Table 5 in Appendices).
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Results and Discussion of PTR-MS

The data that obtained from analyzing the breath samples by using PTR-MS are presented and

discussed in this chapter.

After collecting the data from the PTR-MS device, it was analyzed by a high-level
script language Python program. The structure of the Python language can provide clear

programs on small and large scales and work efficiently with large matrices.

5.1. PTR-MS Spectrum

The spectrum window of the PTR-MS program is illustrated in Figure 5.1, which is

represented by the mass (x-axis) and the amplitudes (y-axis).
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After connecting the Tedlar bag that contains the breath sample the program is run, the
VOC:s are detected by their mass and amplitude.

5.2. lon Counts Determination

The measurment time for the experiment and the number of measured counts, depend on

many factors, the most important one is the mass spectrometer’s cycle-time.

The mass spectrometer’s cycle-time is the time that the instrument needs to cycle
through separation and detection of a set of m/z ratios. The dwell-time is the time needed to
analyse each electric pulse and it is defined as the amount of time where one mass analyser is
detecting and measuring one ion only. It has a significant impact, not only for the ion count

signal number that one can measure in any experiment but also for the detection sensitivity.

Dwell-time and cycle-time are directly proportional to each other and they effect the
sensitivity. In a more sensitive measurement, the dwell-time increases. On the other hand,
more sensitive measurement is at the cost of increasing the cycle-time, this will lead to

decrease the number of m/z ratios measured , i.e. the productivity of the MS run.

Traditionally, the dwell-time is optimized in a manner that each transition is being

scanned and analysed at least twice [78].

Figure 5.2 illustrates two graphs that related to two different VOCs having different m/z
ratios. This procedure was carried out for all of the samples to create the database of the
VOCs.
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Figure 5.2: Two graphs, which belong to the same measuring period: (A) graph belongs to
propanenitrile (m/z=56) and (B) graph belongs to acetone (m/z=59). Each graph has different
peaks, which indicate the ion counts of VOCs in counts per second (cps) for different breaths.
The increase and decrease of acetone upon breathing into the PTR-MS can be directly

reached.

5.3. lon Counts Normalization

The source for ionized VOCs are the H3O" ions in drift tube. Increasing the HsO"
concentration results in higher ion count for the VOCs. Then, ion counts of the VOCs were
normalized to compensate for altered HsO* contribution. This effect comes from H3O*
(m/z=19) and H30"-H.O (m/z=37). The normalized counts for the VOCs were calculated by
using the following equation:

CPSyocs
CPS(m/Z=19) + CPS(m/Z=37)

Normalized Counts for VOCs =

(5.1)

Where CPS (counts per second) is the ion counts of the VOCs that measured by the
device.

Water vapour is detected in the drift tube of the PTR-MS at the H3O™-H20 (m/z=37),

this water vapour comes from the ion source and from water vapour in the breath sample.

49



Chapter 5 Results and Discussion of PTR-MS

5.4. Paradigmatic Test Compounds

In this part of the study the normalized counts of two prototypic compounds, acetone
(m/z=59) and isoprene (m/z=69), was compared, for 33 vegans, 20 volunteers and 59 patients
with liver diseases. This part of the study provides reference datasets for future examinations

of VOC profiles, potentially involving a wider range of VOCs, as shown in the Figure 5.3.

It was reported that, there is a linear correlation between these two types of VOCs,

which were fitted by a linear equation (y=a+b*x).
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Figure 5.3: The normalized counts of m/z=59 versus the normalized counts of m/z=609.

From figure 5.3 we found the following correlations: for vegans, which is denoted by
green dots, r>=0.21049 and the slope=0.00344, for volunteers, which is denoted by blue dots,
r’=0.00828 and the slope=0.01559 and for patients with liver diseases, which is denoted by
red dots r>=-0.01741 and the slope=1.11236E-4.

Acetone and isoprene models were studied because they are the most abundant

endogenous trace gases in human breath.

This comparison between isoprene and acetone is important for several reasons: i) both
of them are endogenous in their origin and highly abundant in normal human breath, ii) their
physico-chemical properties are contrary, isoprene is lipophilic and its blood solubility is low,
but acetone is hydrophilic and its blood solubility is high and iii) both are reliably quantifiable
by virtue of several distinct analytical techniques [79, 80].
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Our data indicate no relevant correlation between isoprene and acetone.

5.4.1. Isoprene Model

Isoprene is lipophilic and has a low solubility in blood (as reflected by a small blood: gas
partition coefficient Apnair = 0.75) and is presumed to be involved in the cholesterol
biosynthesis. Isoprene exchange occurs in alveolar region due its volatility and due to the low
affinity for water and blood. Physical activity causes marked changes in exhaled breath

isoprene concentrations of humans [80, 81].

Figure 5.4 illustrates the isoprene model, it consists of three compartments:
i) alveolar/end-capillary compartment (gas exchange), ii) richly perfused tissue (metabolism

and production) and iii) peripheral tissue (storage, metabolism and production).

Alveolar

—
Compartment

Richly Perfused
«————— Tissue -—————
Compartment

Peripheral
- Tissue ——
Compartment

Figure 5.4: Sketch of the isoprene model structure used to explain the dynamics of isporene

concentrations [80].

5.4.2. Acetone Model

Acetone is more soluble in blood (An:air = 340) and has been linked to fat catabolism. Acetone

is a product of the conversion of acetoacetate by elimination of CO> and it is a hydrophilic
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compound interacts with the water-like mucus membrane lining the conductive airways and

cause an effect known as wash-in/wash-out behavior [80, 81].

The term wash-in/wash-out, as defined by King et al. [80] refers to the fact that “while
fresh air is being inhaled, it becomes enriched with hydrophilic VOCs stored in the airway
surface walls of the peripheral bronchial tract, thus leading to a decrease of the respective
pressure/tension gradient between the gas phase and capillary blood in the alveolar space.
This causes an effective reduction of the driving force for gas exchange in the alveoli and
minimizes the unloading of the capillary VOC level. Correspondingly, during exhalation the
aforementioned diffusion process is reversed, with a certain amount of hydrophilic VOCs
being stripped from the air stream and redepositing onto the previously depleted mucus

layer”.

As a phenomenological consequence, exhaled breath concentrations of such VOCs tend
to be diminished on their way from the deeper respiratory tract to the airway opening. The
resulting discrepancies between the “true” alveolar and measured breath concentrations can be
substantial (even if breath samples are drawn in a strictly standardized manner, e.g. by
employing COz-controlled sampling) and will depend on a variety of factors such as airway

temperature profiles, airway perfusion and volumetric flow.

Figure 5.5 illustrates the acetone model, it consists of four compartments:
i) bronchial/mucosal compartment (gas exchange), ii) alveolar/end-capillary compartment

(gas exchange), iii) liver (metabolism and production) and iv) tissue (storage).
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Y

Figure 5.5: Sketch of the acetone model structure used to explain the dynamic of acetone

concentrations [80].

5.4.3. Separating Overlapping Signals

The separating of the PTR-MS cannot distinguish between molecules which similar, but
different masses as acetone (m/z=59) and butane (m/z=59). Thus, if cannot be guaranteed that

the signal at (m/z=59) stems from acetone.

Acetone identified by comparing the normalized counts of (m/z=59) to the normalized
counts of *3C-isotopes (m/z=60), for 33 vegans, 20 volunteers and 59 patients with liver
diseases, as shown in the Figure 5.6.

53



Chapter 5 Results and Discussion of PTR-MS

12.0E_03 T T T T T T T T T T T T T T
=
e [ ]
& 10.0E-03{ [ Vegans -
= ¢ Volunteers
e 8.0E-03 4 e Patients 7
w2
E 6.0E-03 - .
“  4.0E-03 4 1
3
E 2.0E-03 - 1
g
= 0.0E-03 1 8
z

-Z.OE-OS T T T T T T T T T T T T T T

-0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
Normalized Counts of m/z=59

Figure 5.6: The normalized counts of m/z=59 versus the normalized counts of m/z=60.

The network abundance of stable isotopes result in contribution at different m/z ratios.
For acetone we found that, there is a linear correlation between these two isotopes, which
were fitted by (y=a+b*x) equation. For vegans, which is denoted by green dots, r>=0.99 and
the slope=0.037, for volunteers, which is denoted by blue dots, r>=0.98 and the slope=0.034
and for patients with liver diseases, which is denoted by red dots r’=0.997 and the
slope=0.0361.

Acetone, propanal and butane have molecular weights of 58.08 g/mol, 58.08 g/mol and
58.12 g/mol, respectively. These molecules plus H* are detected at a m/z ratio of 59 Thomson,
with m/z=59 there is a significant contribution at m/z=60, due to isotopes of acetone. Acetone
and propanal have the same molecular formula C3HsO and are treated as one molecule
acetone. Thus, they are not distinguishable by mass spectrometer. Butane has the formular
C4Hao and exhibits a different isotope pattern than CsHeO.

The natural abundance of 3C is 1.1%, of 2H is 0.0115% and of 80 is 0.2%. From the
natural abundances one can calculate the relative contributions of acetone and butane at 60
Thomson. The main contribution for acetone is due to a single *C isotope in the molecule,
resulting in 3x1.1% for every carbon atom. The next strongest contribution comes from
deuterium in acetone. Since acetone exhibits six hydrogen atoms the isotopic contribution is
6x0.0115%, resulting in 3.369% at 60 Thomson. The oxygen isotope 0 would change the
mass. Therefore, 0.2% of the 3.369% are found at 62 Thomson. In addition, the probability of
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having two 'C atoms in the molecule is 3x(0.011)%. In summary, at a m/z ratio of 60
Thomson 3.325% of the acetone signal should be detected as a result of isotope probability.

Butane has four carbons, ten hydrogens and no oxygen. Thus, the isotope contribution
at 60 Thomson is calculated as 4x1.1% plus 10x0.0115%, resulting in 4.515% of the butane
signal at 59 Thomson. In addition, the probability of having two 13C atoms in the molecule is
6x(0.011)%. In summary, at a m/z ratio of 60 Thomson 4.44% of the butane signal should be

detected as a result of isotope propability.

By comparing these values (3.325%) and (4.44%) with the slope (0.0357+0.0007), we
can conclude that the slope is nearly the same and thus represents acetone and propanal in the
breath.

5.5. Determination of Pearson’s Correlation Coefficient (r)

Pearson’s correlation coefficient is a measure of the strength of the association between two

variables x and y and it is calculated by:

L i i —X)(yi —¥) '
JZ -0 5 6

(5.2)

where: -
xiandyi = The variables.
x and ¥ = The mean values for x; and y; variables.

r is Pearson’s correlation coefficient. If the value of r = 1, the variables are correlated to
each other, and when the value of r = 0, the variables are not correlated to each other, but if

the value of r = -1, the variables are anti-correlated.

The Pearson’s correlation coefficient was used to see how exhaled VOCs are related to

each other in different cases, for 33 vegans, 20 volunteers and 59 patients with liver diseases.
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200 m/z ratios were compared with 200 m/z ratios for each health status, as shown in
the Figure 5.7.
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Figure 5.7: Two-dimensional plot of Pearson’s correlation coefficient where the color
indicates the value of the correlation: (A) belong to vegans, (B) belong to volunteers and (C)

belong to patients with liver diseases.

From Figure 6.7, it can be seen that the relationship between the concentrations of
VOCs to each other differ between the three study groups due to the differences in their

concentrations [82].

According to Hauschild et al. [83], “Pearson’s correlation coefficient can be used:
i) to find sets or clusters of related metabolites exposing the same behavior and ii) to reduce
the data set by selecting representatives for each cluster. Moreover, it would be interesting to
investigate whether a set of metabolites showing the same pattern also originates from the

same pathway”.
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The further analysis of the complete dataset by using correlated factors is not within the

scope of this work.

5.6. VOCs Assessment

It has become possible to separate and study the VOCs from the breath according to their m/z

ratios with the development of several analytical techniques, (see Table 6 in Appendices).

It has been shown that most of the VOCs origin is not endogenous, in spite of the fact

that the biological origins of these VOCs are mostly unknown.

The endogenous VOCs analysis from the exhaled breath can provide different

informations about the pathological disorders. Figure 5.8 illustrates the differences in VOCs

concentrations according to the different health statuses (33 vegans, 20 volunteers and 59

patients with liver diseases) by comparing the average of their normalized counts for different

m/z ratios.
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Figure 5.8: The comparison between different health statuses for 200 m/z ratios: graph (A)

and graph (B) show the same measurement but with different Y-scale.
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5.7. Influence of Tedlar Bags on VOCs Concentrations

In this part of the study, four Tedlar bags were collected from two volunteers, two Tedlar bags
from each volunteer. After collecting the breath samples, they were analyzed on different days
to study their changes over the time. The measurements were taken repeatedly over 160 hr
period (approximately one week), in order to study the variability and the stability of the
VOCs in time [84].

With PTR-MS, each sample has 200 compounds (VOCs), the average for the samples is
taken and fitted with a linear exponential function using the OriginLab program.

Figure 5.9 shows the flow chart for the optimization process of the measurement done
with PTR-MS.
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200 Volatile Organic Compounds
(VOCs) were identified
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Figure 5.9: The flow chart for the optimization process of the measurement done with

PTR-MS.

The data are presented in (Part 2 in Appendices). For all measurements the influence of

the Tedlar bags on the VOCs concentrations can be neglected. The m/z values, where

a deviation of less than 30% can occur are marked in (Table 6 in Appendices).
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5.8. Volatile Organic Compounds (VOCs) as Biomarkers

Biomarkers are molecules indicating a specific metabolization process or disease. For
example, halitosis is caused by exhalation of volatiles that are observed organoleptically.
According to the literature, these extraoral causes are sometimes associated with a typical
odor as a result of specific VOCs in breath [11, 85, 86].

5.8.1. VOC:s as Liver Diseases Biomarkers

Here the biomarkers for detecting liver diseases are investigated. The liver plays an important
role in metabolism. When damage or failure of the liver occurs, the concentration of some
toxic metabolites will increase in the blood. Some of these metabolites may give us a smelly
breath when it is exhaled due to the metabolic and pathological processes [20, 87]. A sweet,
musty or slightly fecal aroma of the breath may acquire in patients with various degrees of
hepatocellular failure and portosystemic shunting of blood, termed fetor hepaticus, which has
been mainly attributed to sulfur compounds [86, 88]. Many studies identify numbers of VOCs
in breath as biomarkers of certain diseases.

In our study, we compared the VOCs that belong to patients with liver diseases to the
VOCs that belog to volunteers as a healthy people and vegans as super healthy people to

investigate the VOCs that are correlated to liver diseases and are considered as biomarkers.

Additionally, another comparison was done. The VOCs values were compared to the
LiMAX-Test values for the patients with liver diseases to study the effect of liver conditions

on VOCs. Figure 5.15 illustrates the LiIMAX-Test values according to the liver conditions.

_________

7 <176 pg/kgfh 176351 gk~ 7> 351 ng/kg/h s
.  Severe Liver ’/ AN Mild Liver ’/ *. Normal Liver /’
\\D_wfunclion),’ \\Dysfunc[ion,,’ \\ Function L

_________________________

Figure 5.15: The LiMAX-Test values according to liver conditions.

With the help of these two comparisons, we can identify the VOCs that are actually
affected by liver diseases and can be considered as biomarkers. These VOCs were studied in

different groups:
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5.8.1.1. Organosulfur Compounds

They are organic compounds that contain sulfur, which are essential for life like antibiotics
penicillin and sulfa drug that contain sulfur. It occurs in the body in the form of the amino
acids (cysteine and methionine), the tripeptide (glutathione), enzymes, coenzymes, vitamins
and hormones. The organosulfur compounds are classified into several classes. Some of them

are found in the body, as illustrated in Figure 5.16 and also (see Table 7 in Appendices).
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Figure 5.16: Some of the organosulfur compounds that found in the human bodies.

In our measurement, the organosulfur compounds are hydrogen sulfide (m/z=35),
carbonyl sulfide (m/z=61), dimethyl sulfide (m/z=63), carbon disulfide (m/z=77), dimethyl
sulfoxide (m/z=79), dimethyl disulfide (m/z=95), allyl isothiocyanate (m/z=100), S-methyl
thioacrylate  (m/z=102), bis-(methylthio)methane = (m/z=109), taurine (m/z=126),
homocysteine (m/z=136), methionine (M/z=150), sulfur mustard (m/z=160), allicin
(m/z=163), dibenzothiophene (m/z=185) and thiols.

Thiols are sometimes called mercaptans, because of the strong bond between thiolate
group and mercury compounds to form mercaptides. Thiols have a general structure (R-S-H)
as denoted before in Figure 5.16.

Thiols in our measurement are methanethiol (m/z=49), butyl mercaptan (m/z=91),
thiophenol (m/z=111), cysteine (m/z=122), dithiothreitol/dithioerythritol as epimeric pair

(m/z=155), grapefruit mercaptan (m/z=171) and dimercaptosuccinic acid (m/z=183).
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Figure 5.17 shows two types of comparisons for three compounds, m/z = 61, 102 and
109: (on the left), the counts of these compounds are high in patients group and (on the

right), they show a decrease in their counts according to LiMAXx-test value.
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Figure 5.17: The 1% group of the organosulfur compounds.

The VOC at (61 Th) is identified as carbonyl sulfide and other compounds, at (102 Th)
is S-methyl thioacrylate and at (109 Th) we found bis-(methylthio)methane and other
compound. These VOCs are good biomarkers for liver diseases, because in the first
comparison they have the highest values in patients compared to volunteers and vegans and in

the second comparison the values decrease when the liver condition improves.
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Figure 5.18 shows two types of comparisons for four compounds, m/z = 79, 100, 150
and 163: (on the left), the counts of these compounds are high in patients group and (on the
right), their counts are high with bad liver function (<176pg/kg/h) and low with good liver
function (>351pg/kg/h), but in the LIMAX range (176-351 pg/kg/h) they show an increase in
their counts compared to bad liver function.
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Figure 5.18: The 2" group of the organosulfur compounds.
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The VOC at (79 Th) we found dimethyl sulfoxide and other compounds, at (100 Th) is
allyl isothiocyanate, at (150 Th) is identified as methionine and other compound and at
(m/z=163) is recognized as allicin. All of them are not good biomarkers for liver diseases,
because their values do not show a good correlation with LiMAXx-test value in the second
comparison even they show the highest values in patients compared to volunteers and vegans
in the first comparison.

Figure 5.19 shows two types of comparisons for two compounds, m/z = 111 and 160:
(on the left), the counts of these compounds are high in patients group and (on the right),

they show an increase in their counts according to LiMAXx-test value.
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Figure 5.19: The 3™ group of the organosulfur compounds.

The VOC at (111 Th) is identified as thiophenol and at (160 Th) is sulfur mustard.
These VOCs are not good biomarkers for liver diseases, because their values increase when
the liver condition improves in the second comparison even they show the highest values in
patients compared to volunteers and vegans in the first comparison.

Figure 5.20 and figure 5.21 show two types of comparisons for six compounds,
m/z = 63, 77, 91, 95, 136 and 171: (on the left), the counts of these compounds are high in

vegans group and (on the right), their counts are high in bad liver function.
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Figure 5.20: The 1% part of the 4™ group of the organosulfur compounds.
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Figure 5.21: The 2" part of the 4™ group of the organosulfur compounds.

The VOC at (63 Th) is recognized as dimethyl sulfide and other compounds, at (77 Th)

is defined as carbon disulfide and other compounds, at (91 Th) we found butyl mercaptan and
other compound, at (95 Th) dimethyl disulfide and other compounds, at (136 Th)

homocysteine and at (171 Th) grapefruit mercaptan. All of them are not good biomarkers for

liver diseases, because they have the highest value in vegans. Even when dimethyl sulfide,

carbon disulfide and dimethyl disulfide in patients are higher comparing to vegans, similar to

Velde et al. finding [86], but they are lower than vegans and in comparison according to liver

condition they show bad correlation especially with dimethyl disulfide.

Figure 5.22 and figure 5.23 show two types of comparisons for seven compounds,
m/z = 35, 49, 122, 126, 155, 183 and 185: (on the left), the counts of these compounds are

high in volunteers group and (on the right), their counts are high in bad liver function.
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Figure 5.22: The 1% part of the 5™ group of the organosulfur compounds.
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Figure 5.23: The 2" part of the 5™ group of the organosulfur compounds.

The VOC at (35 Th) is hydrogen sulfide, at (49 Th) we found methanethiol, at (122 Th)
is defined as cysteine, at (126 Th) taurine, at (155 Th) dithiothreitol/dithioerythritol as
epimeric pair and other compound, at (183 Th) dimercaptosuccinic acid and other compound
and at (185 Th) dibenzothiophene and other compounds. These VOCs are not good
biomarkers for liver diseases, because they have the highest value in volunteers.

Sulfur containing compounds are considered biomarkers for liver disease, because these
compounds increase in the circulatory and respiratory systems due to the incomplete
metabolism in the transamination pathway in the case of liver function impairment, this will

lead to an increase of these compounds in breath [89].
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Patients with liver disease have a special smell in their breath. It found that dimethyl
sulfide (DMS) is the primary cause of the fetor hepaticus. DMS is a natural molecule that is
stable in blood and can be transported into the alveolar and exhaled in contrast to other sulfur
containing compounds [89, 90].

For some metabolites, we saw that their levels in vegans group or even in volunteers
group are higher than in patients group. This may be due to nature of their food that contain
sulfur containing amino acids (SAAs) analysis and protein supplementations to avoid the risk
of SAA deficiency especially in vegans or because of their dietary status (not fasted for 6-12
hrs).

The dietary source is either an Allium species that contribute enzymatically-derived
flavors (garlic, onion, chive) or a Cruciform families (Brussels sprouts, broccoli, cabbage,
cauliflower), and the flavors that are thermally-generated such as roasted meat, chicken,
seafood and coffee. Volatile sulfur compounds have an important role in the aromas of bread,
popcorn, nuts, potato products and wine, and they give a subtle flavor to cheddar cheese,
chocolate and tropical fruit.

In healthy individuals, the metabolism of methionine (m/z=150) produced
S-adenosylmethionine (SAMe) which regulates hepatocytes growth, differentiation and death.
Low biosynthesis of SAMe, as a result of impaired methionine metabolism, may have

a causative role in liver cirrhosis [87].

5.8.1.2. Volatile Fatty Acid Compounds

They are carboxylic acids that have a long unbalanced aliphatic tail. There are two types of
fatty acids, saturated, which are without double bond or without any other functional group,
and unsaturated, which have one or more alkenyl functional groups.

The volatile fatty acids are biomarkers for liver diseases, these acids are derived from
the action of the intestinal bacteria on carbohydrates and amino acids.

The volatile fatty acids are propionic acid (m/z=75), butyric acid (m/z=89) or isobutyric
acid (m/z=89), isovaleric acid (m/z=103) and decanoic acid (m/z=173), as illustrated in Figure
5.24.
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Figure 5.24: Some of the fatty acid compounds.

Figure 5.25 shows two types of comparisons for compound, m/z = 103: (on the left),
the counts of this compound is high in volunteers group and (on the right), it shows

a decrease in its counts according to LiMAX-test value.
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Figure 5.25: The 1% group of the fatty acid compounds.

The VOC at (103 Th) is defined as isovaleric acid and other compound. It is not
a good biomarker for liver diseases, because it has the highest value in volunteers.

Figure 5.26 shows two types of comparisons for three compounds, m/z = 75, 89 and
173: (on the left), the counts of these compounds are high in vegans group and (on the

right), their counts are high in bad liver function.
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Figure 5.26: The 2" group of the fatty acid compounds.

The VOC at (75 Th) we found propionic acids and other compounds, at (89 Th) is
defined as butyric acid and other compound and at (173 Th) is decanoic acid and other
compound. All of them are not good biomarkers for liver diseases, because they have the
highest value in vegans.

The major sites of fatty acid synthesis are adipose tissue and the liver. They are
transported to the liver as free fatty acids (FFA) and undergo B-oxidation in the liver to
produce ketone bodies. These ketone bodies can not be used by the liver but are exported to

extra-hepatic tissues to be used for energy production. In the case of liver disease or liver
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failure, the fatty acids do not oxidize leading to increase these compounds in blood and
breath.

The increase in the level of these volatile fatty acids may refer also to their dietary
(omega-3 and omega-6) that contain volatile fatty acids (VFA) or supplements to avoid the
fatty acid deficiency especially in vegans or because of their dietary status (not fasted for 6-12
hrs). Fatty acids are found in sunflower seeds, pumpkin seeds, sesame seeds, walnuts, wheat

germ soy foods and etc.

5.8.1.3. Nitrogen Containing Organic Compounds

Nitrogen containing organic compounds or (amines) are organic compounds that are

derivatives of ammonia (NHz). Amines are found in different classes depending on the

number of alkyl or aryl groups that attached to nitrogen, as illustrated in Figure 5.27.

H H R’
1 N 1 $ A
R—N R—N R—N
| § )
|7 R R’
Primary Secondary Tertiary

Figure 5.27: The classification of nitrogen containing organic compounds.

The exhaled breath contains volatile organic amines. Volatile organic amines are
ammonia (m/z=18), methylamine (m/z=32), vinylamine (m/z=44), dimethylamine (m/z=46),
trimethylamine (m/z=60), n-butylamine (m/z=74), glycine (m/z=76), alanine (m/z=90), serine
(m/z=106), proline (m/z=116), threonine (M/z=120), cysteine (m/z=122) which is discussed
previously with sulfur containing compounds, octylamine (m/z=130), ornithine (m/z=133),
glutamine (m/z=147), glutamic acid (m/z=148), carnitine (m/z=162), selenocysteine
(m/z=169) and arginine (m/z=175).

Figure 5.28 shows two types of comparisons for three compounds, m/z = 44, 74 and
106: (on the left), the counts of these compounds are high in patients group and (on the

right), they show a decrease in their counts according to LiMAX-test value.
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Figure 5.28: The 1% group of nitrogen containing organic compounds.

The VOC at (44 Th) is vinylamine, at (m/z=74) is defined as n-butylamine and at
(m/z=106) is recognized as serine. These VOCs are good biomarkers for liver diseases,
because in the first comparison they have the highest value in patients compared to volunteers
and vegans and in the second comparison the values decrease when the liver condition
improves.

Figures 5.29 and figure 5.30 show two types of comparisons for eight compounds,
m/z = 60, 76, 120, 130, 133, 147, 148 and 169: (on the left), the counts of these compounds
are high in patients group and (on the right), their counts do not show any relation with
LiMAX-test value.
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Figure 5.29: The 1% part of the 2" group of nitrogen containing organic compounds.
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Figure 5.30: The 2" part of the 2" group of nitrogen containing organic compounds.
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The VOC at (60 Th) is known as trimethylamine, at (76 Th) we found glycine, at
(120 Th) is threonine, at (130 Th) is defined as octylamin, at (133 Th) ornithine and other
compound, at (147 Th) glutamine and other compound, at (148 Th) glutamic acid and at
(169 Th) selenocysteine. All of them are not good biomarkers for liver diseases, because
their values do not show good correlations with LiMAXx-test value in the second comparison
even they show the highest values in patients compared to volunteers and vegans in the first
comparison.

Figure 5.31 and figure 5.32 show two types of comparisons for five compounds,
m/z = 46, 90, 116, 162 and 175: (on the left), the counts of these compounds are high in
vegans group and (on the right), their counts are high in bad liver function.
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Figure 5.31: The 1% part of the 3™ group of nitrogen containing organic compounds.
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Figure 5.32: The 2" part of the 3™ group of nitrogen containing organic compounds.

The VOC at (46 Th) is defined as dimethylamine and other compound, at (90 Th) is
known as alanine, at (116 Th) is proline, at (162 Th) carnitine and at (175 Th) arginine. All of

them are not good biomarkers for liver diseases, because they have the highest value in

vegans.

Figure 5.33 shows two types of comparisons for two compounds, m/z = 18 and 32:

(on the left), the counts of these compounds are high in volunteers group and (on the right),

their counts do not show any relation with LiIMAXx-test value.
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Figure 5.33: The 4™ group of nitrogen containing organic compounds.

The VOC at (18 Th) is kown as ammonia and at (32 Th) is methylamine. These VOCs
are not good biomarkers for liver diseases, because they have the highest value in
volunteers.

Ammonia is produced systematically by breaking-down the protein products that
originate from the degradation of proteins by the intestinal bacteria. Ammonia is generated in
the liver from glutamate and then is converted into urea that is eliminated through urine; some

of them are exhaled in the breath and others are emitted from the skin.

Since muscle is a site for extrahepatic ammonia removal, a common occurrence in

cirrhotic patients is muscle wasting that may also elevate the arterial ammonia level.

Almost all the ammonia found in the blood comes from the intestine. This blood is
carried to the liver by the portal vein where a high percentage of ammonia is converted to

urea.

There are many factors that cause the ammonia level to increase: it may increase due to

the increase in its production (convulsive seizures with increased muscle production) or its
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clearance is impaired (hepatocellular dysfunction, portosystemic shunting, or both, with
subsequent impaired hepatic detoxification of ammonia [91].

By ingestion of protein and/or Niacin (Vitamin B3) an increase of systemic ammonia
can be induced [92, 93].

The increase in the level of ammonia may also refer to a confounding factor, poor oral
hygiene, that can be modified by an appropriate mouth washing or eliminated by washing the

mouth with water before collecting the sample.

Referring to Spandel at al. [94], “the speed of production of ammonia indicates that it is

presumably due to the action of salivary and bacterial ureases in the urea”.

Glutamine (m/z=147) flux is increased in cirrhosis through hepatic glutaminase 4- to 6-
fold. The concentration of blood ammonium is elevated in hepatic cirrhosis patients,
especially with those which have a transjugular intrahepatic portosystemic shunt, after oral
administration of amino acids such as glutamine (m/z=147), glycine (m/z=76), serine
(m/z=106), and threonine (m/z=120) when compared to healthy subjects due to deficient

handling of ammonium in the case of liver disease.

Carnitine (m/z=162) compound is synthesized from lysine and methionine as a methyl
donor by the liver and it is derived from dietary protein. It must be oxidized to transfer
medium- and long- chain fatty acids across the mitochondrial membrane.

The concentration of plasma carnitine is increased in alcohol-induced cirrhosis patients
due to the increase of carnitine biosynthesis because of increased skeletal muscle protein

turnover.

The hydrolysis of arginine (m/z=175) is catalyzed to ornithine and urea by the arginase
enzyme. Two isoenzymes of arginase are known in human, Al, which is a cytosolic enzyme
and All, which is located in the mitochondrion and viewed as biosynthetic. Arginase-Al
isoenzyme is found in liver and red blood cells while arginase-All isoproteins is found in

kidney, brain, gastrointestinal tract and prostate [95].

Due to the depletion of ornithine (m/z=133) and arginine (m/z=175) in liver
mitochondria, the recurring of postprandial hyperammonemia may happen. The metabolism
of citrulline (m/z=176) to arginine (m/z=175) and then to ornithine (m/z=133) leads to
improve the urea cycle performance and ameliorate the postprandial rise of plasma

ammonium.
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In contrast to healthy humans, the peripheral arteriovenous difference for glutamine
(m/z=147) is threefold greater than that for alanine (m/z=90) in patients with hepatic
insufficiency. When the released alanine is more than glutamine, this proposed that the major
fraction of ammonium in patients with liver diseases are taken up by the muscle is released as

glutamine.

The aromatic amino acids are metabolized in the liver. If there is an impairment in liver
function, these compounds do not metabolize correctly then lead to increase the free tyrosine

and tryptophan in the body.

5.8.1.4. Nitrile Compounds

They are organic compounds that have -C=N functional group, as illustrated in Figure 5.34. In

inorganic compounds the -C=N functional group is called cyanides instead of nitrils.

b

Nitrile

Figure 5.34: The chemical structure of the nitrile compounds.

Cyanide (m/z=27), hydrogen cyanide (m/z=28) and acetonitrile (m/z=42) are
examples of this group.

Figure 5.35 shows two types of comparisons for compound, m/z = 28: (on the left), the
counts of this compound is high in patients group and (on the right), it shows a decrease in

its counts according to LiIMAX-test value.
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Figure 5.35: The 1% group of the nitrile compounds.
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The VOC at (28 Th) is defined as hydrogen cyanide, which is a good biomarker for
liver diseases, because in the first comparison it has the highest value in patients compared to
volunteers and vegans and in the second comparison the value decreases when the liver
condition improves.

Figure 5.36 shows two types of comparisons for two compounds, m/z = 27 and 42:
(on the left), the counts of these compounds are high in patients group and (on the right),

their counts do not show any relation with LiMAX-test value.
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Figure 5.36: The 2" group of the nitrile compounds.

The VOC at (27 Th) is recognized as cyanide and at (42 Th) is known as acetonitrile.
These VOCs are not good biomarkers for liver diseases, because their values do not show
a good correlation with LiMAX-test value in the second comparison even they show the
highest values in patients compared to volunteers and vegans in the first comparison.

As denoted by WHO [96], “The major route of metabolism for hydrogen cyanide
(m/z=28) and cyanide (m/z=27) is detoxification in the liver by the mitochondrial enzyme
rhodanese, which catalyses the transfer of the sulfane sulfur of thiosulfate to the cyanide ion
to form thiocyanate, about 80% of cyanide is detoxified by this route [97]”. Cyanide can be
combined with the hydroxocobalamin (vitamin B12a) to yield cyanocobalamin (vitamin B12)
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and non-enzymatic combination of cyanide with cysteine to form 2-iminothiazoline-4-

carboxylic acid, which is excreted without further change [98].

When there is a health problem or a liver failure, hydrogen cyanide (m/z=28) and
cyanides (m/z=27) do not detoxify leading to an increase of their concentrations in the body

and in the exhaled breath.

5.8.1.5. Hydrocarbon Compounds

They are organic compounds that consist of hydrogen and carbon. Hydrocarbons are divided
into four groups according to IUPC nomenclature of organic chemistry, as illustrated in

Figure 5.37. Hydrocarbons can be found in different forms like gases, liquids, waxes and/or

polymers.
H
H H rR*
& 1 H H
N OO
3
H »—R
R? H H
H
Alkane Alkene Cycloalkane Aromatic

Figure 5.37: The classification of hydrocarbon organic compounds.

Alkanes are saturated hydrocarbons that consist of hydrogen and carbon atoms and all
bonds are single.

Alkane compounds are ethane (m/z=31), octane (m/z=115), nonane (m/z=129), decane
(m/z=143) and tetradecane (m/z=199).

Figure 5.38 shows two types of comparisons for two compounds, m/z = 115 and 199:
(on the left), the counts of these compounds are high in patients group and (on the right),
they show a decrease in their counts according to LiMAX-test value.
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Figure 5.38: The 1% group of the alkanes of hydrocarbon organic compounds.

The VOC at (115 Th) is octane and other compound and at (199 Th) is tetradecane.
These VOCs are good biomarkers for liver diseases, because in the first comparison they
have the highest value in patients compared to volunteers and vegans and in the second
comparison the values decrease when the liver condition improves.

Figure 5.39 shows two types of comparisons for two compounds, m/z = 129 and 143:
(on the left), the counts of these compounds are high in patients group and (on the right),

their counts do not show any relation with LiMAX-test value.

83



Chapter 5 Results and Discussion of PTR-MS

EE m/z=129 [- m/z=129 (FANci) EEE m/z=129 (FLIP)
2.5E-05 2.5E-05
Nonane Nonane
Naphthalene Naphthalene
2.0E-05 2.0E-05
a 8
E 5
o o
O 1.5E-05 o]
el el
S 2
© 1.0E-05 ©
E £
5 S
=
Z D‘SE-DS- -
0.0E-05 Vegans Volunteers Patients <176_ 176-351 >351
Health Condition LiMAx-Test Value (ng/kg/h)
. m/z=143 (WM m/z=143 (FANCI) EEE m/z=143 (FLIP)|
4.5E-06 4.5E-06
Decane Decane
4.0E-06
«n 3.5E-06 1
=
> 3.0E-06 I
O - '
Vegans Volunteers Patients <176 176-351 >351
Health Condition LiMAx-Test Value (ug/kg/h)

Figure 5.39: The 2" group of the alkanes of hydrocarbon organic compounds.

The VOC at (129 Th) is defined as nonane and other compound and at (m/z=143) is
decane. These VOCs are not good biomarkers for liver diseases, because their values do not
show a good correlation with LiMAX-test value in the second comparison even they show the
highest values in patients compared to volunteers and vegans in the first comparison.

Figure 5.40 shows two types of comparisons for compound, m/z = 31: (on the left), the
counts of this compound is high in vegans group and (on the right), its counts is high in bad

liver function.
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Figure 5.40: The 3™ group of the alkanes of hydrocarbon organic compounds.
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The VOC at (31 Th) is defined as ethane and other compound. It is not a good
biomarker for liver diseases, because it has the highest value in vegans.

Alkenes are unsaturated hydrocarbons that have at least one carbon-carbon double
bond.

Alkene compounds are ethene (m/z=29), isoprene (m/z=39, 22.6% of m/z=69), isoprene
(m/z=41, 88.7% of m/z=69), propene (m/z=43), acrolein (m/z=57), isoprene (m/z=67, 3.8%
of m/z=69), isoprene (m/z=69), pentene (m/z=71), hexene (Mm/z=85), heptene (m/z=99),
octene (m/z=113) and nonene (m/z=127).

Figure 5.41 shows two types of comparisons for two compounds, m/z = 41 and 43:
(on the left), the counts of these compounds are high in patients group and (on the right),

they show a decrease in their counts according to LiMAX-test value.
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Figure 5.41: The 1% group of the alkenes of hydrocarbon organic compounds.

The VOC at (41 Th) is isotope of isoprene (88.7% of m/z=69) and at (43 Th) we found
propene and other compound. They are good biomarkers for liver diseases, because in the
first comparison they have the highest value in patients compared to volunteers and vegans

and in the second comparison the values decrease when the liver condition improves.
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Figure 5.42 shows two types of comparisons for four compounds, m/z = 39, 67, 99 and
127: (on the left), the counts of these compounds are high in patients group and (on the

right), their counts do not show any relation with LiMAXx-test value.
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Figure 5.42: The 2" group of the alkenes of hydrocarbon organic compounds.
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The VOC at (39 Th) is isotope of isoprene (22.6% of m/z=69), at (67 Th) we found
isotope of isoprene (3.8% of m/z=69), at (99 Th) is defined as heptene and other compound
and at (m/z=127) nonene and other compound. All of them are not good biomarkers for liver
diseases, because their values do not show a good correlation with LiMAXx-test value in the
second comparison even they show the highest value in patients compared to volunteers and
vegans in the first comparison

Figure 5.43 shows two types of comparisons for compound, m/z = 29: (on the left), the
counts of this compound is high in vegans group and (on the right), its counts is high in bad

liver function.
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Figure 5.43: The 3™ group of the alkenes of hydrocarbon organic compounds.

The VOC at (29 Th) is ethane, which is not a good biomarker for liver diseases,
because it has the highest value in vegans.

Figure 5.44 shows two types of comparisons for five compounds, m/z =57, 69, 71, 85
and 113: (on the left), the counts of these compounds are high in volunteers group and (on

the right), their counts do not show any relation with LiIMAX-test value.
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Figure 5.44: The 4™ group of the alkenes of hydrocarbon organic compounds.
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The VOC at (57 Th) is defined as acrolein and other compounds, at (69 Th) is known as
isoprene and other compounds, at (71 Th) we found pentene and other compounds, at (85 Th)
is 1-hexene and other compound and at (113 Th) 1-octene and other compounds. All of them
are not good biomarkers for liver diseases, because they have the highest value in
volunteers.

Cycloalkanes are compounds which have in their chemical structure one or more rings
of carbon atoms.

Cycloalkane compounds are cyclo-propane (m/z=43), cyclo-butane (m/z=57), cyclo-
pentane (m/z=71), cyclo-heptane (m/z=99) and cyclo-octane (m/z=113).

Aromatics are compounds with alternating double and single bond between the carbon
atoms forming rings.

Aromatic compounds are benzene (m/z=79), pyridine (m/z=80), pyrimidine (m/z=81),
toluene (m/z=93), aniline (M/z=94), phenol (m/z=95), benzonitrile (m/z=104), styrene
(m/z=105), ethyl benzene (m/z=107), indole (m/z=118), 4-ethylphenol (m/z=123), skatole
(m/z=132), durene (m/z=135), limonene (m/z=137), oxindole (m/z=134), isotope of
1,2-dichlorobenzene (m/z=151) and authracene (m/z=179).

Figure 5.45 shows two types of comparisons for four compounds, m/z = 81, 93, 104 and
151: (on the left), the counts of these compounds are high in patients group and (on the

right), they show a decrease in their counts according to LiMAXx-test value.
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Figure 5.45: The 1% group of the aromatic of hydrocarbon organic compounds.

The VOC at (81 Th) is known as pyrimidine and other compounds, at (93 Th) we found
toluene, at (104 Th) is defined as benzonitrile and at (151 Th) isotope of 1,2-dichlorobenzene.
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These VOCs are good biomarkers for liver diseases, because in the first comparison they
have the highest value in patients compared to volunteers and vegans and in the second
comparison the values decrease when the liver condition improves.

Figure 5.46 shows two types of comparisons for compound, m/z = 118: (on the left),
the counts of this compound is high in patients group and (on the right), it shows an increase
in its counts according to LIMAX-test value.
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Figure 5.46: The 2" group of the aromatic of hydrocarbon organic compounds.

The VOC at (118 Th) is defined as indole and other compound, which is not good
biomarker for liver diseases, because its value increases when the liver condition improves in
the second comparison even it shows the highest value in patients compared to volunteers and
vegans in the first comparison. This finding is in contrast to Velde et al. [86] finding, because
in their study they found that indole in patients breath is lower than in healthy breath.

Figure 5.47 shows two types of comparisons for five compounds, m/z = 79, 80, 123,
132 and 135: (on the left), the counts of these compounds are high in patients group and (on

the right), their counts do not show any relation with LiIMAX-test value.
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Figure 5.47: The 3" group of the aromatic of hydrocarbon organic compounds.
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The VOC at (79 Th) is known as benzene and other compounds, at (80 Th) we found
pyridine, at (123 Th) is 4-ethylphenol, at (132 Th) skatole and at (135 Th) durene. All of them
are not good biomarkers for liver diseases, because their values do not show a good

correlation with LiMAX-test value in the second comparison even they show the highest value

in patients compared to volunteers and vegans in the first comparison.

Figure 5.48 shows two types of comparisons for three compounds, m/z = 94, 95 and

179: (on the left), the counts of these compounds are high in vegans group and (on the

right), their counts are high in bad liver function.
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Figure 5.48: The 4™ group of the aromatic of hydrocarbon organic compounds.
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The VOC at (94 Th) is aniline, at (95 Th) we found phenol and other compounds and at
(179 Th) authracene. These VOCs are not good biomarkers for liver diseases, because they

have the highest value in vegans.

Figure 5.49 shows two types of comparisons for three compounds, m/z = 105, 107 and

134: (on the left), the counts of these compounds are high in volunteers group and (on the

right), their counts do not show any relation with LiMAXx-test value.
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Figure 5.49: The 5" group of the aromatic of hydrocarbon organic compounds.

The VOC at (105 Th) is recognized as styrene and other compound, at (107) is known

as ethyl benzene and other compounds and at (134 Th) is oxindole. These VOCs are not good

biomarkers for liver diseases, because they have the highest value in volunteers.
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Figure 5.50 shows two types of comparisons for compound, m/z = 137: (on the left),
the counts of this compound in patients group is equal to volunteers group, which is higher
than vegans group and (on the right), its counts is very high in bad liver function compared

to other conditions.
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Figure 5.50: The 6™ group of the aromatic of hydrocarbon organic compounds.

The VOC at (137 Th) is defined as limonene and other compounds, which is not a good
biomarker for liver diseases, because the patients’ value same as vegans’ value.

The reductive dehalogenation of polyhalogenated alkanes is by microsomal cytochrome
P450 [99]. If there is a defect or a deficiency in the liver function the concentration of alkanes
increases in the body and breath.

2-Methyl-1-propene (m/z=57) or isobutene is a compound occurring normally in human
breath. It has been proven with animal models that isobutene metabolized by P450 enzymes
and converted to epoxides. The main portion of metabolized terpenes, which are the source of
the isobutene compound, that are metabolized by cytochrome P450-enzymes in the liver are
excreted in the urine and a small fraction exhaled in the breath. In the case of liver disease or
liver failure, a change in the metabolism will occur, which leads to an increase in the
concentration of this compound in the blood and breath.

The basic unit of terpenes is isoprene (m/z=69), which is the most common
hydrocarbon in breath that is formed along the mevalonic pathway of cholesterol synthesis.
Isoprene is probably metabolized by liver monooxygenase and is converted to mono-
epoxides, because its concentration decreases in hepatic venous blood. There are also

peripheral origins of isoprene such as muscle cells due to high mixed venous concentration.
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The increased level of these compounds may also be due to the nature of their food or
after smoking. It has been found that isoprene is a biomarker for oxidative stress and many
other conditions causing an increase of these compounds in breath.

A previous study showed that styrene (m/z=105) level decreases in liver cirrhosis,
because it is oxidized by cytochrome P450 (CYP) to styrene-7,8-oxide. CYP2E1 is the main
isoform that is responsible for styrene metabolism in humans [100]. In the case of liver
disease, isoprene is not completely metabolized in the liver, this leads to an increase in its
concentration in the blood and breath.

The increased level of styrene may also be due to the nature of their food and it is found
that styrene is a biomarker for smokers. There are other conditions that cause an increase of
these compounds in breath.

Phenol (m/z=95) and indole (m/z=118) are derived from the catabolism of tyrosine and
tryptophan, respectively.

When phenol and indole compounds increase other compound like oxindole, the
potential mediator in hepatic encephalopathy will also increase. Because of the binding of
phenol and indole to albumin in blood, the breath levels of these compounds will decrease due
to the low serum albumin and/or due to low albumin binding capacity [89].

A previous study showed when the mice (mouse liver and brain tissue) are exposed to
carbon tetrachloride, there is an increase in the amount of ethane (m/z=31) and ethylene
(m/z=29) [101]. The metabolism of carbon tetrachloride is proposed that these compounds are
markers of lipid peroxidation, which known as hepatotoxin, that is involved in free radical

generation.

Ethane (m/z=31) and pentane (m/z=73) are red the better compounds that correlate with
alcohol induced hepatic injury than others; this may refer to the increased induction of

cytochrome P450 by alcohol which cause an increase in the oxygen radicals production [87].

Ethane and pentane compounds are the end products of omega-3 and omega-6 poly
unsaturated fatty acid peroxidation and are considered to be a non-invasive method for lipid
peroxidation measurement. The increase in their levels in vegans may refer to supplements,

discussed previously with fatty acid, or because of the nature of their food.

In normal liver function, the saturated hydrocarbons are metabolized to alcohol by
hepatic enzymes (cytochrome P450), but in the case of bad liver function, there will be
incomplete metabolism that causes an increase of hydrocarbons in blood and also in exhaled
breath.
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Concerning to cytochrome P450 2E1 activity, benzene (m/z=79) is metabolized in
human liver microsomes to a variety of hydroxylated and ring-opened products then it is

transported to the bone marrow for other subsequent secondary metabolism.

In case of liver dysfunction, benzene (m/z=79) is not metabolized correctly, this will

increase it is concentration in the body and breath.

Toluene (m/z=93) is metabolized by cDNA-expressed human cytochrome P450s
(CYPs) to benzyl alcohol and slightly to o- and p- cresol in the liver microsomes. In case of
liver disease, there is an increase in the level of toluene in the body and in the breath due to
incomplete metabolism and it is considered to be a biomarker of liver disease.

Skatole (m/z=132) or 3-methylindole is metabolized in the liver by specific human

cytochrome P450 enzymes.

Indole and skatole are by-products of the metabolic break down of tryptophan in the

digestive tract but can also be produced by bacteria in the mouth.

Limonene (m/z=137) compound is metabolized by cytochrome P450 (CYP) enzymes to
carveol metabolites or perillyl alcohols metabolites in the liver. In the case of liver function
impairment, the biotransformation of the limonene will decrease and will accumulate in the

original form leading to increase its concentration in the body and in the exhaled breath.

5.8.1.6. Aldehyde and Ketone Compounds

They are organic compounds that have a carbonyl functional group (C=0). In this group, the
carbon atom has two remaining bonds, which are occupied by substituents. The compound is
an aldehyde when at least one substituent is hydrogen and it is a ketone if neither is hydrogen.

Aldehydes and ketones are illustrated in Figure 5.51.

O O
R% R1—<

- R®
Aldehydes Ketones

Figure 5.51: The chemical structure of aldehyde and ketone organic compounds.

Aldehyde compounds are acetaldehyde (m/z=45), furan-2-carboxaldehyde (m/z=97),
4-methylbenzaldehyde (m/z=121) and 4-Hydroxynonenal (m/z=157).
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Ketone compounds are acetone (m/z=59), butanone (m/z=73), 2-pentanone (mM/z=87)
and methyl isobutyl ketone (m/z=101).

Figure 5.52 shows two types of comparisons for two compounds, m/z = 59 and 73:
(on the left), the counts of these compounds are high in patients group and (on the right),

they show a decrease in their counts according to LiMAX-test value.
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Figure 5.52: The 1% group of aldehyde and ketone organic compounds.

The VOC at (59 Th) is acetone and other compounds and at (73 Th) we found butanone
and other compounds. They are not good biomarkers for liver diseases, because in the first
comparison they have similar strong signals for vegans than for patients with liver diseases
especially for acetone and in the second comparison their values do not show good correlation
with LiMAX-test value. This finding do not agree with Velde et al. [86] finding, they
identified acetone as a biomarker for liver diseases with increasing signals for patients
comparing to healthy persons.

Figure 5.53 shows two types of comparisons for compound, m/z = 101: (on the left),
the counts of this compound is high in patients group and (on the right), its counts does not

show any relation with LiIMAX-test value.
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Figure 5.53: The 2" group of aldehyde and ketone organic compounds.

The VOC at (101 Tn) is defined as methyl isobutyl ketone and other compounds, which

is not a good biomarker for liver diseases, because its value does not show a good

correlation with LiMAX-test value in the second comparison even it shows the highest value

in patients compared to volunteers and vegans in the first comparison.

Figure 5.54 shows two types of comparisons for three compounds, m/z = 45, 87 and 97:

(on the left), the counts of these compounds are high in vegans group and (on the right), they

show a decrease in their counts according to LiMAXx-test value.
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Figure 5.54: The 3™ group of aldehyde and ketone organic compounds.

The VOC at (45 Th) is known as acetaldehyde and other compound, at (87 Th) is

defined as 2-pentanone and other compound and at (m/z=97) is furan-2-carboxaldehyde. All

of them are not good biomarkers for liver diseases, because they have the highest value in

vegans. The finding with 2-pentanone is in contrast with Velde et al. [86] finding, because in

their study they found that 2-pentanone in patients breath is higher than in healthy breath.

Figure 5.55 shows two types of comparisons for two compounds, m/z = 121 and 157:

(on the left), the counts of these compounds are high in volunteers group and (on the right),

they show different relations with LiMAX-test value.
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Figure 5.55: The 4™ group of aldehyde and ketone organic compounds.

The VOC at (121 Th) is 4-methylbenzaldehyde and at (157 Th) we found
4-hydroxynonenal. These VOCs are not good biomarkers for liver diseases, because they
have the highest value in volunteers.

Hepatic insulin resistance is a common complication of the cirrhotic patient. Due to
hepatic insulin resistance there will be an increase in the triglycerides, free fatty acids and
ketones (acetone and 2-butanone) formed during lipolysis. A previous research on rats
showed that acetone (m/z=59) and butanone (m/z=73) are increased in breath due to CYP2E1
inhibition [102].

In human liver, only NAD-dependent aldehyde dehydrogenase located in the liver
mitochondrial matrix space catalyses the oxidation of acetaldehyde (m/z=45). The deficiency
in the liver function will lead to impairment in the acetaldehyde oxidation then increasing its
concentration in the body and exhaled breath.

There is an increase in the level of acetaldehyde in vegans group compared to others;
this may be due to the types of their food (many fruits and vegetables contain acetaldehyde)
and/or because they are not fasted for 6-12 hrs. It was confirmed that all fresh and processed
(single-strength) juices showed a higher concentration of acetaldehyde than of ethanol and

methanol.
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5.8.1.7. Alcohol Compounds

They are compounds that have a hydroxyl group (-OH) bound to a carbon atom, as illustrated

in Figure 5.56. The center carbon must be saturated and have single bond to other three

atoms.
R—0
\
H
Alcohol

Figure 5.56: The chemical structure of the alcohol compounds.

Methanol (m/z=33), isotope of methanol (m/z=34, 1.2% of m/z=33), ethanol (m/z=47),
isotope of ethanol (m/z=48), water cluster of methanol (m/z=51, 0.7% of m/z=33), and
octanol (m/z=131) are examples of alcohol compounds.

Figure 5.57 shows two types of comparisons for two compounds, m/z = 34 and 51:
(on the left), the counts of these compounds are high in patients group and (on the right),

their counts do not show any relation with LiMAXxtest value.
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Figure 5.57: The 1% group of alcohol compounds.
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This VOC at (34 Th) is known as isotope of methanol (1.2% of m/z=33) and at (51 Th)
is water cluster of methanol (0.7% of m/z=33). They are not good biomarkers for liver
diseases, because their values do not show a good correlation with LiMAXx-test value in the
second comparison even they show the highest value in patients compared to volunteers and
vegans in the first comparison.

Figure 5.58 shows two types of comparisons for compound, m/z = 33: (on the left), the
counts of this compound is high in vegans group and (on the right), its counts is high in bad

liver function.
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Figure 5.58: The 2" group of alcohol compounds.

The VOC at (33 Th) is methanol, which is not a good biomarker for liver diseases,
because it has the highest value in vegans.

Figure 5.59 shows two types of comparisons for three compounds, m/z = 47, 48 and
131: (on the left), the counts of these compounds are high in volunteers group and (on the
right), they show different relations with LiMAX-test value.

103



Chapter 5

Results and Discussion of PTR-MS

. /z=47 [mm m/z=47 (FANCI)  EEE m/z=47 (FLIP)
3.5E-03 3.5E-03
Ethanol Ethanol
3.0E-03 3.0E-03
w w
‘c 2.5E-03 ‘€ 2.5E-03
3 3
o
Y 2.0E-03 Y 2.0E-03
i i
21,5603 £ 1.56-03
£ £
S 1.0E-03 & 1.0E-03
2 =
- 0.0E-03
0.08-03 Vegans Volunteers Patients <176 176-351 >351
Health Condition LiMAx-Test Value (n:g/kg/h)
N m/z=48 [- m/z=48 (FANci) EEE m/z=48 (FLIP)]
9.0E-05 9.0E-05
Isotope of Ethanol Isotope of Ethanol
8.0E-05 8.0E-05
« 7.0E-05 0 7.0E-05
5 6.0E-05 3 6.0E-05
o O
T 5.0E-05 B 5.0E-05
N 4,0E-05 & 4.0E-05
m m©
£ 3.0E-05 £ 3.0E-05
o o
< 2.0E-05 Z 2.0E-05
1.0E-05 1.0E-05
R 0.0E-05
0.08-05 Vegans Volunteers Patients <176 176-351 >351
Health Condition LiMAx-Test Value (1g/kg/h)
E m/z=131 (W m/z=131(FANC) EEE m/z=131 (FLIP)
6.0E-06 6.0E-06
1-Octanol 1-Octanol
5.0E-06 5.0E-06
wn w
c 1=
5 4.0E-06 5 4.0E-06
5] 5]
o} O
ks E 3.0E-06
© ®
E £ 2.0E-06
2 2
1.0E-06
0.0E-06
Vegans Volunteers Patients <176 176-351 >351
Health Condition LiMAx-Test Value (n:g/kg/h)

Figure 5.59: The 3™ group of the alcohol compounds.

The VOC at (47 Th) is defined as ethanol, at (48 Th) is isotope of ethanol and at (131

Th) 1-octanol. All of them are not good biomarkers for liver diseases, because they have the

highest value in volunteers.

Liver is the primary site of methanol (m/z=33) metabolism by a series of oxidative

steps. Methanol is oxidized to methanal by alcohol dehydrogenase enzyme then to methanoic

acid by aldehyde dehydrogenase enzyme and finally is detoxified to carbon dioxide by folate

dependent mechanisms [103]. Any defect or impairment in the liver function will reduce the

methanol oxidation leading to an increase in its concentration in the body and in the exhaled

breath.
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The increased level of methanol in volunteers or vegans may be due to the nature of
their food. It is found that methanol occurs naturally in fruits and vegetables like dried beans,
split peas, lentils, fresh or canned orange juice and fresh grapefruit juice. This compound is
also found when the fruits or vegetables are sliced, chopped, pureed and/or juiced. After
eating fruits and/or vegetables, the microorganisms in the digestive tract will break down the
pectin, which is a structural heteropolysaccharide contained in the primary cell walls of
terrestrial plants [104] and release methanol.

The microsomal ethanol-oxidizing system (MEQOS) is the pathway of ethanol (m/z=47)
metabolism in the liver. MEOS will increase its activity in the case of chronic alcohol
consumption that involves CYP2EL, a specific cytochrome P450, and catalyzes the ethanol

metabolism and activates some of the hepatotoxic agents.

The level of ethanol in volunteers and vegans may be due to the nature of their food.
The ethanol level increases in breath after sugary drinks or even after drinking a cup of
sweetened tea before 2 hr. period before the test [94]. It is also found in cereal grains and
especially corn, potato, sweet potato, yam, Jerusalem artichoke and cassava (used in Brazil).
Sugarcane, sugarbeet, sweet sorghum and fodder beet (mangold) give higher alcohol

(Yield/Acre) than the starch crops, but grains have been the main source of alcohol.

5.8.1.8. Terpene and Terpenoid Compounds

Terpene are organic compounds that are the result of isoprene unit combination. While
terpenoid are organic compounds that include some oxygen functionality or some

rearrangements and they are related to terpenes.

Alpha-pinene (m/z=137), beta-pinene (m/z=137) and gamma terpinene (m/z=137) are

examples of terpene and terpeniod compounds.

Figure 5.60 shows two types of comparisons for compound, m/z = 137: (on the left),
the counts of this compound in patients group is equal to volunteers group which is higher
than vegans group and (on the right), its counts is very high in bad liver function compared

to other conditions.
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Figure 5.60: The terpene and terpenoid compounds.

The VOC at (137 Th) is pinene and other compound, which is not a good biomarkers

for liver diseases, because the patients’ value same as vegans’ value.

Because isoprene (m/z=69), which is the most common hydrocarbon in breath and the

basic unit of terpenes as mentioned previously, is formed in the mevalonic pathway of

cholesterol synthesis, it is suggested that isoprene is metabolized by liver monooxygenase and

Is converted to mono-epoxides, since its counts decreases in hepatic venous blood. For that,

the levels of these compounds increase when there is a liver disease or damage due to

incomplete metabolism.

5.8.1.9. Organoselenium Compounds

Organoselenium are organic compounds that have a carbon-selenium chemical bond.

Dimethyl selenide (m/z=110) is an example of this compound, as illustrated in Figure 5.61.

HaC —Se
CH,
Dimethyl selenide

Figure 5.61: The Organoselenium compounds.

Figure 5.62 shows two types of comparisons for compound, m/z = 110: (on the left),

the counts of this compound is high in patients group and (on the right), it shows an increase

in its counts according to LIMAX-test value.
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Figure 5.62: The organoselenium compounds.

The VOC at (110 Th) is defined as dimethyl selenide, which is not a good biomarker
for liver diseases, because its value increases when the liver condition improves in the second
comparison even it shows the highest value in patients compared to volunteers and vegans in
the first comparison. This finding is in contrast to Velde et al. [86] finding, according to their
study, dimethyl selenide in patients breath is lower than in healthy breath.

Dimethyl selenide (m/z=110) is a byproduct of selenium fed as selenite in the liver and
exhaled through the lung. Selenium in selenomethionine is not seemed to be converted to
dimethyl selenide, it is rapidly incorporated into protein which it is may be responsible for
differences in tissue accumulation [105, 106]. Previous study showed that when there is
an increase in the intensity of hepatic injury, the level of serum selenium will directly
decrease [107], which causes a reduction in dimethyl selenide concentration in the body and

in the exhaled breath.

5.8.2. Other VOCs Biomarkers

This study is presented in (Part 3 in Appendices).
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In my work, | have studied breath gas analysis (BGA) with absorption spectroscopy and mass
spectrometry to investigate the diverse possibilities of these methods to acquire information

on the health status of human beings.

Absorption spectroscopy was used to evaluate the additionally exhaled *CO. to
calculate the LiMAXx-value after administration of 3C-methacetin. The LiMAXx-test (Liver
MAximal Capacity) is a new methacetin breath test for personalized and quantitative
assessment of the liver status. This breath-test allows a precise distinction of the metabolic
power of the liver volume that decreases from healthy to liver damage. The precision of this
test is high enough to detect reduced function upon cirrhosis, and can directly monitor liver

damage and liver failure.

The LiMAXx-test is based on administration of *C-methacetin solution, that is solely
metabolized in healthy liver cells to paracetamol and **CO,. The generated *CO; is solved in
the blood, transported to the lungs and exhaled. The metabolization can be tracked in real
time in the breath by monitoring the relative increase of **CO.. Fluctuations in the breath are
corrected by detecting the 3CO,/ 2CO, ratio over time, which is called DOB kinetics. The
LiMAXx-value uses the maximal value of the DOB Kkinetics to evaluate the liver function
capacity. In cooperation with the Charité-Universitdtsmedizin (AG Stockmann) a study was
performed, where the influence of the dosage and physical activity on the LiMAXx-value was

investigated.

My analysis of the data showed a nearly linear dependence of the LiMAXx-value of
(1.8%£0.3) on doubling the dosage from 2 mg/kg to 4 mg/kg body weight. Sports changes the
DOB kinetics dramatically, because of the additional generation of CO», thereby increasing
the 3CO./ *2CO; ratio. Resting after sports leads to a recovery of the 3CO,/ *>CO ratio by

about 80% with a time constant of several ten minutes.

108



Summary and Outlook

When the 3C-methacetin is administered while doing sports, the DOB kinetics are
similar, but exhibits a smaller amplitude. Nevertheless, doubling the dosage result in an
increase of the LiMAXx-value of (1.8+0.3).

Comparison of the DOB kinetics with blood level concentrations of methacetin and
paracetamol, obtained by HPLC showed that the reproducibility of the maximal DOB value is
Rp=0.78. For the maximal blood levels we found Pearson correlation coefficients of
Rwm=-0.06 and Rp=0.83 for methacetin and paracetamol, respectively. Nevertheless, detection
of paracetamol blood levels shows an about 5 times smaller signal compared to methacetin
blood levels, and a delayed rise of the blood level of ~1 minute. We concluded that
paracetamol persists longer in the liver cells, and is, thus, not a suitable parameter to track the
metabolization of the liver. Blood levels of methacetin display a strong fast and a slow kinetic
component, and strongly fluctuating maximal value. The fast component decays within ~ 3
minutes accompanied by the rise of the DOB kinetics with a 3 minute time constant. This
indicates the fast component to reflect the methacetin metabolization to paracetamol and
13CO,. Thus, DOB kinetics allow direct tracking of methacetin metabolization by the liver

cells.

Slower time constants in the DOB Kinetics reflect redistribution processes of the
bicarbonate pool and equilibrium processes and are difficult to connect to liver metabolization

processes.

BGA of VOCs can be used to identify unusual metabolites in the blood, e.g. alcohol
breath test. The breath contains both volatile and non-volatile substances. In this work, 3CO;
was used successfully to assess the liver function capacity of humans. VOCs are much more
numerous but not necessarily unique to a specific process in the human body. Nevertheless,
most processes in the human body generate VOCs which can be detected in the breath. On
account of the large number of VOCs and their non-unique origin signatures, different mass
spectrometry techniques were tested, and a new method to verify the impact on the liver

condition was introduced.

Two types of mass spectrometers were used to measure and quantify the VOCs in the
breath: The lon Mobility Spectrometry (IMS) and Proton Transfer Reaction Mass
spectrometry (PTR-MS).

The lon Mobility Spectrometry (IMS) offers the possibility to highly resolve VOCs in
the breath by their retention time in a Multi Capillary Column (MCC) as a function of the
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drift time in an electric field. The advantage of this method is that molecules of the same
molecular formula, but with a different collision cross sections can be distinguished by
different drift times. Additionally, chemical properties are reflected by the retention time due
to different interactions with the column. First investigations with the IMS were performed
successfully. Smokers can be identified by an acetonitrile peak as reported, as well as other
influences (see Chapter 6 in Appendences). Since the aim was to study the breath of patients
with liver disease, and the device had no certification for the hospital, | tested the influence of
Tedlar bags on the IMS measurements. The Tedlar bags were used to collect the breath (~2
liters) of the patients and transport it to the device. | tested, whether the time delay between
collecting the breath and performing the measurement has an influence on the signal strength.
For this investigation the time delay was varied from some hours to 180 hours. Indeed, |

found that the signal strengths for some VOCs decay while others rise.

The IMS measurements were not used for analyzing the breath of patients, because
there is no stable or easy way to identify the specific molecules by their drift time and
retention time. Furthermore, we observed a change of calibration at different days, resulting in

a shift of peak positions. Hence, the reproducibility and precision could not be quaranteed.

Proton Transfer Reaction Mass spectrometry allows for detection of VOCs with high
proton affinity. | used a spectrometer with quadrupole mass filter with a resolution of 1 mass
over charge (1 Thomson). | perfomed similar investigations to check, whether the use of
Tedlar bags would influence the results. Since nearly all measurements were performed
between 10 and 20 hours after breath collection, my results indicate that the use of Tedlar
bags has negligible influence on the comparison of relative VOCs concentrations.

Most investigations to identify biomarkers where performed with two collectives,
a patient group and a group of healty persons. Since Attila Hildman perfomed a pilot study for
his Diploma work in our group, using PTR-MS to investigate the influence of vegan nutrition

on the exhaled VOC:s, I also took breath samples of the vegans for comparison.

I compared the amount of VOCs in the exhaled air for three groups, patients with
known liver disease, volunteers and vegans as a reference for super healthy persons. My
results clearly show that diet has a major influence on the VOCs in the breath. Acetone for
example (Figure 5.52) was identified as a biomarker for liver diseases with increasing signals
for patients compared to healthy persons. When | compared the acetone signals | found
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similar strong signals for vegans, than for patients with liver disease, clearly demonstrating
that such simple comparisons can be misleading.

We introduced the LiMAX-test, and compared the VOCs signals as a function of the
liver status. Here, we found that the LiMAX-test reproduces known dependences, for example
the increase of Dimethyl sulfide (DMS) in patients with severe liver damage. Nevertheless,
the DMS signal is higher in vegans compared to patients (Figure 5.20). Thus, we developed a
new definition for good biomarker for liver disease: The VOCs signals have to be
significantly higher than for volunteers and persons with special diet, and the VOCs signal

has to increase with decreasing LiMAXx-value.

This new definition should allow for reliable identification of good biomarkers for liver
disease such as n-Butylamine (Figure 5.28). Nevertheless, the mass resolution of the used
PTR-MS is not good enough to assign the VOCs unequivocally. Therefore, measurements
should be repeated for the identified VOCs with mass spectrometer of a higher resolution.
This should result in identification of new biomarkers for liver diseases.
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Part 1: Tables

Table 1: The data information that belong to VVegans according to PTR-MS measurement.

Date of Time of Nr.

Date of Height | Weight . Collectin Collectin of

Name | i | SeX (cn%) (k§') smoking | (2T eiiar | the Tedlar | the
Bag Bag Bag

V-001 | 04.06.1992 | f 162 59 0 31.08.2013 09:30 1
V-002 | 05.12.1959 | f 170 82,7 0 31.08.2013 09:33 2
V-003 | 13.03.1962 | f 173 88,5 0 31.08.2013 10:10 3
V-004 | 28.01.1942 | f 163 74,8 0 31.08.2013 10:52 4
V-005 f 166 72 0 31.08.2013 10:59 5
V-006 m 187 91 0 31.08.2013 11:00 6
V-007 | 10.05.1964 | f 164 108 0 31.08.2013 11:24 7
V-008 | 03.02.1964 | f 175 68 0 31.08.2013 12:54 8
V-009 | 02.09.1960 | f 167 81 0 31.08.2013 12:56 9
V-010 | 10.05.1974 | f 172 120 0 31.08.2013 13:35 11
V-011 | 13.08.1969 | f 164 72,8 0 31.08.2013 13:38 12
V-012 | 02.05.1969 | f 166 56,6 0 31.08.2013 13:12 10
V-013 f 31.08.2013 13:41 13
V-014 | 08.07.1977 | f 168 58,5 0 31.08.2013 13:56 14
V-015 | 30.01.1958 | m 178 93,5 0 31.08.2013 14:22 15
V-016 | 29.10.1952 | f 173 86,5 0 31.08.2013 15:02 16
V-017 | 17.06.1988 | f 162 77 0 31.08.2013 15:58 17
V-018 | 07.05.1970 | f 164 65,7 0 31.08.2013 16:18 18
V-019 | 07.02.1980 | f 164 73,5 0 01.09.2013 10:14 19
V-020 | 22.12.1968 | f 164 83 0 01.09.2013 10:37 20
V-021 [ 07.12.1964 | f 172 82 0 01.09.2013 10:52 1
V-022 f 173 80 0 01.09.2013 11:07 2
V-023 | 10.04.1966 | f 170 93 0 01.09.2013 11:16 3
V-024 |1 03.08.1983 | f 169 91 0 01.09.2013 11:47 4
V-025 | 02.03.1963 | f 176 71 0 01.09.2013 12:02 5
V-026 | 19.09.1964 | m 183 95 0 01.09.2013 12:31 6
V-027 | 30.10.1965 [ m 202 113 0 01.09.2013 12:57 7
V-028 f 168 57 0 01.09.2013 12:58 8
V-029 | 04.08.1966 | f 175 90 1 01.09.2013 13:25 9
V-030 | 21.11.1979 | f 169 84,8 0 01.09.2013 14:17 10
V-031 | 19.03.1970 | f 180 140 0 01.09.2013 14:20 11
V-032 f 168 62 0 01.09.2013 14:35 12
V-033 f 168 75 0 01.09.2013 14:55 13
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Table 2: The data information that belong to VVolunteers according to PTR-MS measurement.
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H-001 [ 17.06.1982 m | 18090 | O | O |22.07.2013 | 09:12 1 09:17 2
H-002 [ 10.05.1987 [ m | 177 |78 | 0 | 0 |22.07.2013 | 09:14 3 09:19 | 4
H-003 [24.07.1990( f | 168 |54 | 0 | 0 |23.07.2013 | 09:27 5 09:30 | 6
H-004 [31.03.1964( f |155| 75| O | O |23.07.2013 | 09:40 7 09:43 | 8
H-005 [01.01.1983( f | 163 |66 | O | O |23.07.2013 | 09:44 9 09:46 | 10
H-006 |18.08.1981( f | 152 |58 | O | O |23.07.2013| 09:49 | 11 | 09:52 | 12
H-007 [04.09.1990 ( m | 179 | 75| 0 | O |23.07.2013| 10:01 | 13 | 10:05 | 14
H-008 [ 17.02.1987 ( m | 183 |90 | O | 1 |24.07.2013| 10:19 | 15 | 10:23 | 16
H-009 [13.03.1991 m |185|80| O | 1 |24.07.2013| 10:40 | 17 | 10:43 | 18
H-010 [15.11.1991( f | 160 |60 | 1 | 1 |24.07.2013| 10:44 | 19 | 10:46 | 20
H-011 [01.09.1992 ( m | 173 |67 | 1 | 0 |28.07.2013| 10:33 | 20 | 10:36 | 19
H-012 [08.10.1982 m | 17290 | 0 | O |28.07.2013 | 11:21 | 18 | 11:25 | 17
H-013 [ 05.04.1982  m | 176 | 57| O | O |28.07.2013 | 11:33 | 16 | 11:37 | 15
H-014 [04.07.1981 m | 179 |83 | 0 | 0 |28.07.2013 | 11:41 | 14 | 11:45 | 13
H-015 | 14.01.1979 m | 162 |82 | O | O |28.07.2013| 13:10 | 12 | 11:13 | 11
H-016 [20.08.1982( f | 153 |56 | 0 | O |28.07.2013 | 13:25 | 10 | 13:29 9
H-017 [ 13.09.1986( f | 167 |55 | 0 | O |29.07.2013 | 08:47 8 08:52 7
H-018 [24.08.1992( f | 181 |63 | 0 | 1 |29.07.2013 | 09:35 6 09:38 | 5
H-019 [21.06.1990( f | 169 |63 | 1 | 1 |29.07.2013 | 09:40 4 09:43 | 3
H-020 [ 17.02.1978 f | 158 |58 | 0 | 0 |29.07.2013 | 10:47 2 10:59 1
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Table 3: The data information that belong to patients with liver diseases according to

PTR-MS measurement.
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P-001 | 16.02.1956 | m [ 173 | 75 | 1542 | - |06.08.2013 | 15:20 | 25 | 16:39 | 26
P-002 | 03.01.1938 | m | 181 | 103 | 17:29 | - |06.08.2013 | 17:02 | 27 | 18:32 | 28
P-003 | 27.03.1956 | m | 175 | 82 | 12:42 | 12:59 | 07.08.2013 | 12:03 | 29 | 13:21 | 30
P-004 | 23.11.1942 | f |163| 73 | 14:24 | - |07.08.2013 | 13:37 | 31 | 15:29 | 32
P-005 | 21.02.1940 | m | 190 | 106 | 16:47 | - |07.08.2013 | 16:25 | 33 | 17:23 | 34
P-006 | 01.07.1941 | m | 180 | 107 | 14:17 | 14:48 | 08.08.2013 | 13:52 | 35 | 14:57 | 36
P-007 | 29.04.1945 | m | 178 | 725 1656 | - |09.08.2013 | 16:33 | 37 | 18:02 | 38
P-008 | 25.06.1935 | m | 161 | 87,5 | 1850 | - | 09.08.2013 | 18:27 | 39 | 19:18 | 40
P-009 | 12.12.1958 | m | 176 | 67 | 20:14 | - |09.08.2013 | 19:51 | 21 | 2055 | 22
P-010 | 15.09.1960 | f | 165| 63 | 15:21 | - [12.08.2013 | 14:37 | 23 [ 16:13 | 24
P-O11 | 26.12.1953 | m | 182 | 76,5 | 12:51 | 13:10 | 13.08.2013 | 12:30 | 25 | 13:21 | 26
P-012 | 11.12.1970 | m [ 170 | 70 | 14:05 | 14:53 | 13.08.2013 | 13:41 | 27 | 15:07 | 28
P-013 | 15.09.1953 | m | 182 | 785 16:38 | - |13.08.2013 | 16:15 | 29 | 17:39 | 30
P-014 | 27.03.1956 | m | 175 | 85 | 13:02 | 13:15 | 14.08.2013 | 12:40 | 31 | 13:31 | 32
P-015 | 20.10.1945 | m | 173 | 99 | 10:41 | 11:05 | 15.08.2013 | 10:02 | 33 [ 11:20 | 34
P-016 | 01.07.1941 | m | 180 | 107 | 12:55 | 13:00 | 15.08.2013 | 11:53 | 35 | 13:22 | 36
P-017 | 23.11.1942 | f [ 163 | 67,8 | 16:41 - 15.08.2013 | 15:59 | 37 | 17:41 | 38
P-018 | 06.10.1976 | m | 180 | 97,5 16:33 | - |16.08.2013 | 16:00 | 39 | 17:13 | 40
P-019 | 08.02.1940 | m | 165 | 845 18:18 | - |16.08.2013 | 17:54 | 21 | 19:00 | 23
P-020 | 08.04.1941 | m | 180 | 103 | 16:08 | - |21.08.2013 | 15:45 | 24 | 17:07 | 22
P-021 | 12.03.1949 | f | 164 | 655 | 1758 | - |21.08.2013 | 17:34 | 25 | 18:50 | 26
P-022 | 01.09.1941 | f [168| 79 | 19:34 | - [21.08.2013 | 19:11 | 27 | 20:24 | 28
P-023 | 01.07.1941 | m | 180 | 107 | 13:17 | 13:36 | 22.08.2013 | 12:39 | 29 | 13:53 | 30
P-024 | 12.12.1947 | m | 175 | 106 | 14:39 | - |22.08.2013 | 14:13 | 31 | 15:12 | 32
P-025 | 15.09.1953 | m [ 182 | 72 | 16:40 | - [22.08.2013 | 15:46 | 33 | 17:07 | 34
P-026 | 28.01.1969 | m | 174 | 64 | 1756 | - |22.08.2013 | 17:32 | 35 | 18:17 | 36
P-027 | 04.01.1986 | m | 180 | 63 | 15:03 | - |23.08.2013 | 14:37 | 37 | 15:50 | 38
P-028 | 03.03.1990 | f [172| 56 | 17.00 | - |23.08.2013 | 16:38 | 39 | 17:52 | 40
P-029 | 05.01.1945 | f | 170 | 54 | 10:35 | 10:52 | 26.08.2013 | 10:12 | 21 | 10:55 | 22
P-030 | 24.05.1972 | f | 165| 82 | 1252 | - |26.08.2013 | 12:06 | 23 | 13:34 | 24
P-031 | 02.05.1940 | f | 158 | 66 | 14:23 | - |26.08.2013 | 13:47 | 25 | 15:15 | 26
P-032 | 14.09.1933 | m | 178 | 80,5 | 16:18 | - | 26.08.2013 | 15:52 | 27 | 16:56 | 28
P-033 | 02.01.1960 | m | 183 | 79 | 08:59 | 09:25 | 27.08.2013 | 08:25 | 29 | 09:18 | 30
P-034 | 26.12.1953 | m | 182 | 77 | 13:27 | 13:42 | 27.08.2013 | 12:54 | 31 | 13:54 | 32
P-035 | 07.07.1946 | f | 169 | 64 | 15:31 | 16:07 | 27.08.2013 | 15:09 | 33 | 16:20 | 34
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P-036 | 28.02.1946 [ f [170| 92 | 18:06 - 28.08.2013 [ 17:39 | 35 | 18:45 [ 36
P-037 | 06.09.1959 | m [ 182 | 114 | 16:06 - 29.08.2013 | 15:44 | 37 | 17:10 | 38
P-038 | 20.09.1944 [ f [ 165 65,5 | 08:58 - 02.09.2013 | 08:17 | 39 | 10:05 | 40
P-039 | 01.07.1941 [ m [ 180 | 112 | 14:36 | 14:39 | 02.09.2013 | 13:32 | 21 [ 15:10 | 22
P-040 | 18.10.1982 [ f [169| 71,2 | 17:36 - 02.09.2013 | 16:58 | 23 | 18:15 | 24
P-041 ) 13.06.1948 | m [ 176 | 74 | 09:11 - 03.09.2013 | 08:15 | 25 | 09:58 | 26
P-042 [ 01.01.1961 | f [158 | 99 [ 10:54 - 03.09.2013 | 10:17 | 27 | 11:25 | 28
P-043 [ 07.08.1955 [ f [ 168 | 69 | 12:09 - 03.09.2013 | 11:46 | 29 | 13:14 | 30
P-044 | 13.08.1940 [ f [ 159 | 79 | 08:27 - 05.09.2013 | 08:25 | 31 | 08:56 | 32
P-045 | 14.05.1951 [ m [ 170 [ 755 [ 11:34 - 05.09.2013 | 11:13 | 33 | 12:37 | 34
P-046 [ 17.09.1945 [ f [ 156 | 59 | 13:05 - 05.09.2013 | 12:44 | 35 | 13:37 | 36
P-047 [ 20.03.1936 | f [ 156 | 77 | 14:21 - 05.09.2013 | 13:50 | 37 | 14:53 | 38
P-048 [ 31.08.1956 [ f [170| 70 | 12:07 - 06.09.2013 | 11:44 | 39 | 12:41 | 40
P-049 [ 19.07.1955 f [160| 82 | 18:31 - 10.09.2013 | 17:55 | 21 | 19:28 | 22
P-050 [ 01.12.1942 [ f [ 156 | 75 | 08:07 - 11.09.2013 | 07:30 | 23 [ 08:38 | 24
P-051 | 03.05.1961 [ m [ 176 | 65 | 08:27 - 12.09.2013 | 07:51 | 25 | 08:48 | 26
P-052 | 25.08.1934 | m [ 172 | 70 | 11:50 - 12.09.2013 | 11:25 | 27 | 12:21 | 28
P-053 | 15.09.1953 | m [ 183 | 75 | 14:31 - 12.09.2013 | 14:08 | 31 | 15:33 | 32
P-054 | 13.11.1967 [ w [ 169 | 64 | 08:20 - 13.09.2013 | 07:43 | 35 | 08:48 | 36
P-055 ] 02.01.1950 | m [ 187 | 95 [ 12:55 - 13.09.2013 | 12:27 | 37 | 13:59 | 38
P-056 | 19.08.1955 | w [ 163 | 74 [ 09:10 - 16.09.2013 | 08:21 | 39 | 09:47 | 40
P-057 | 15.03.1957 [ m [ 169 | 68 | 10:38 - 16.09.2013 | 10:13 | 29 | 11:16 | 30
P-058 | 14.05.1951 | m (170 | 71 | 13:01 - 16.09.2013 | 12:37 | 21 | 14:05 | 22
P-059 [ 08.09.1952 [ f [ 163]68,6 | 15:13 - 16.09.2013 | 14:46 | 23 [ 16:16 | 24
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Table 4: The DOB and LiMAX values according to the type of liver disease for FANci and

FLIP.
N DOB Value LiMAX Value Di .
4M€ "FANGI | FLIP | FANGi | FLIP 1agnosis
p-001 | 2433 15.1 347 215 chronic function deteri(_)ration of liver
transplantation
p-002 | 20.16 972 953 341 HCC recurrence: z.n. atypical liver
resection
P-003 27.9 24.8 383 341 colorectal liver metastases
P-004 | 10.17 2.6 143 37 medicines tox. acute liver failure
P-005 | 28.78 27 363 340 v.a. liver metastases recurrence
colorectal liver metastases, DM insulin
P-006 | 30.31 28.6 372 351 (14 PED)
P-007 | 16.52 11.2 242 164 CCC, cholangiocellular cancer
P-008 | 38.69 36.8 499 474 CCC, cholangiocellular cancer
P-009 | 32.02 29.6 484 446 primary sclerosing cholangitis
P-010 | 25.65 19.8 389 300 Hypothyroidism
P-011 | 33.79 3.8 487 55 klatskin tumor
P-012 7.02 - 103 - liver cirrhosis
P-013 z.n. liver resection for colorectal liver
14.79 - 211 - metastases
colorectal liver metastases
P-014 | 24.94 22.5 337 304 (Imal/Woche)
P-015 | 19.36 23 243 288 colorectal liver metastases
P-016 34.6 32.4 425 398 colorectal liver metastases (21 PED)
P-017 8.22 - 120 - subakules liver failure
P-018 | 24.76 26.8 318 344 Pot. liver liver donation
p.019 | 1877 10.6 248 959 3T/OP liver r_netastases resection
hemicolectomy
P-020 | 16.42 10.6 205 133 HCC segment 6 in cirrhosis
P-021 | 20.87 21.8 310 324 v.a. GB cholestatic liver infiltration
p-022 | 2054 20.4 283 281 a.d. Advanced hemihep: Re. Inv.a.
GG - Ca space requirement
p.023 | 4131 408 508 501 colorectal !iver metastases (Thomas:
1time/week) pre-op
P-024 | 34.36 32.4 419 395 z.n. trisectomy large CCC
P-025 | 26.32 23.3 390 345 liver resection
P-026 | 31.53 29.4 485 452 CCC hep. Recurrence
P-027 | 21.26 19.6 334 308 PSC LTX-Evaluation
P-028 | 17.45 14.7 284 239 CF liver cirrhosis
P-029 | 22.67 22.1 373 364 Colon Ca. Chemether. (FOLFOX)
P-030 | 21.29 17.6 286 236 adenoma in fatty liver
P-031 25.44 17.4 371 254 CCC
P-032 | 27.25 23.3 380 325 NET Tumor
P-033 | 26.22 26.6 373 378 FOLFOX
P-034 | 28.15 27.4 404 394 klatskin tumor
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P-035 | 29.72 21.5 452 327 FOLFOX

P-036 | 23.52 26 303 322 HCCre LL

P-037 6.93 2.3 83 28 tox. Hep. mit ALV und HRS

P-038 | 18.52 26.2 367 390 HCC

P-039 10.1 9.3 121 112 10 POD (PVE) colorectal

P-040 [ 25.26 24 365 347 Hydatid disease, Hashimoto's thyroiditis

P04l | 2248 10.1 395 976 Hep. Metastatic adenocarcinoma.

(colon-rectum Approx)

P-042 | 37.68 38.2 456 462 v.a. G.B. ca.

P-043 6.23 3.3 91 48 LTX-evaluation in HCV cirrhosis

P-044 | 30.48 34.9 410 449 klatskin tumor

P-045 594 53 42 74 CASH, cardia-ca (Abdom-Thoracic,

Osophag-res)

P-046 | 25.91 23.4 396 351 LTX-evaluation bei PBC

P-047 | 20.56 19.4 279 250 z.n. Ext. hemi-hep

P-048 | 33.97 33.6 496 487 HCC

P-049 | 17.25 14.1 229 187 HCV, HCC seg. IV

P-050 | 29.89 31.8 409 435 hydatid liver cyst

P-051 36.2 37.6 555 576 CCC bei PSC

P-052 | 30.15 28.6 443 420 CCCrre.

P-053 | 19.16 17.1 279 249 subtot liver-res.

P-054 | 33.82 36.6 514 556 pot. LDLT donor f. adults

P-055 | 14.88 13.9 196 183 z.n. LTX klatskin TM

p-056 | 1947 185 973 259 NET functional_ly, Hedinger syndrome
(liver Met.)

p.057 | 16.91 14.8 950 219 chron., hep. B, Iiv_er_ cirrhosis, HCC
suspicion

P-058 4.32 4.1 63 59 cardia-Ca, CASH

P-059 59 4 75 57 acute liver failure in AIH, LTX

Evaluation
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Table 5: The data information that belong to volunteers according to IMS measurement.
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H-001 [ 17.02.1978 [F| 158 [ 60| 0 | 0 [11.11.2013 | 11:21 [ 11:36 [ 1 | 11:37 | 11551
H-002 [ 05.05.1974 [F | 174 [ 75| 0 | 0 [11.11.2013 | 13:10 | 13:23 [ 2 | 13:25 | 13:39
H-003 | 17.02.1978 [ F | 158 [60 [ 0 [ 0 [11.11.2013 | 14:08 | 14:21 | 3 | 14:23 | 14:36
H-004 [ 09.10.1981 [M] 186 [ 71| 0 | 1 [11.11.2013 | 14:53 | 15:07 | 4 | 15:08 | 15:24
H-005 [ 17.02.1978 [ F | 158 [ 60 | 0 | 0 [11.11.2013 | 15:39 | 15:53 [ 5 | 16:09 | 16:23
H-006 | 17.10.1988 [M| 189 [75[ 0 [ 1 |11.11.2013 | 16:38 | 16:52 | 6 | 16:54 | 17:10
H-007 [ 17.02.1978 [F| 158 [ 60 | 0 | 0 [11.11.2013 | 17:26 | 17:39 [ 7 | 17:40 | 17:55
H-008 [ 25.12.1990 [M| 193 [84 | 1 | 1 [11.11.2013 | 18:34 | 18:48 | 8 | 18:53 | 19:11
H-009 | 17.02.1978 [ F| 158 [60 [ 0 [ 0 [11.11.2013 | 19:30 | 19:41 | 9 | 19:44 | 20:00
H-010 [ 20.03.1984 [M]| 190 [75] 0 | 1 [11.11.2013 | 20:41 | 20:54 | 10 | 20:57 | 21:14

119




Appendices

Table 6: Tentative assignments of some compounds at each protonated mass (m/z).

(*): the m/z ratios with a deviation of less than 30%.
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1*
2*
3
4%
5
6
7
8
9*
10*
11*
12*
13
14*
15 | Methyl group (CHs) 139 High
16
17
18 | Ammonia (NHs) produced in the | 140 | hightly soluble in | stable for 3 hours | High
ion source water 47% w/w at 2-4°Cor 24
(0°C) hours at -20°C
31% w/w (25°C)
18% wiw (50°C)
19* | Water (Hydronium/primary) ion | 3 High
(H3.160+)
HsO 141 High
20* | Isotope of water (Hs'’O") 3 High
HsO 141 High
21 | Isotope of water (H3'%0") 3 High
HsO 141 High
22*
23* | Isotope of water (D30") High
24*
25*
26
27* | Acetylene 3 slightly soluble in It is unstable in Low
water pure form and
thus is usually
handled as a
solution
Cyanide in water complete | it is very reactive, | High
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at 25°C, 6.9 g/100
mL at 20°C,
in other solvents
completely
miscible in almost
all organic
solvents, Most
organic solvents
(mixtures are
unstable)

forming simple
salts

28 | Hydrogen cyanide 142 | hydrogen cyanide | hydrogen cyanide | High
ionize in blood and is a stable
are very water compound, but it
soluble polymerizes
readily in the
presence of basic
substances
29* | NoH™ most likely produced in | 143 Low
collision ~ chamber.  Decreases
slightly for breath gas due to more
water in drift tube.
NoH® + H20 = H30™ + N2
Ethanol fragment. Loss of water | 144 Low
molecule from ethanol in the drift
tube.
Ethene (Ethylene) low solubility in ethyne so much | High
blood less stable than
ethene or ethane
30 | NO" most likely ionized via | 143 Low
backward intake  into  the
intermediate ion source region. It
can react as a precursor ion.
31 | NO" isotope from m/z=30 is 0.4%. 3 Low
Formaldehyde CH2NH: 142 | formaldehyde is formaldehyde High
readily soluble in | solutions are most
water at room stable between pH
temperature values of about 2
and about 4
Methylene, 1-amino-, CH2NH> 3 solubility in water Low
(reacts)
Ethane solubility in water the relative High
is56.8mg L%, in | stability of ethane
human and rat conformations as
blood it is a result of single
solubility is greater bond rotation
than in water
32* | Oz is produced by backflow of air | 143 Low

into the intermediate ion source
region. It can ionize VOCs e.g.
R+0,2>R"+0;
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Formaldehyde 141 very soluble in formaldehyde Low
water; soluble in | solutions are most
ethanol, ether, and | stable between pH
acetone, solubility of about 2 and
in water is 400 g about 4
dm3
Methylamine solubility in water stable at room High
is 1.08 kg Lt (at temperature in
20 °C), 1 ginabout | closed containers
1.3 mL water or under normal
about 90 mL storage and
alcohol handling
conditions
33 | Methanol (main fragment) 142 | solubility in H2O at | methanol is the High
23°C is infinite most stable of the
alcohols
34 | Methanol  (isotope of main | 142 High
fragment, 1.2% of m/z 33)
35 | Hydrogen sulfide 142 | solubility in water | unstable toward | High
is4gdm™(at 20 oxygen and
°C), itis also consequently but
soluble in alcohol, in water it is
ether, glycerol, stable under
gasoline, kerosene, | anoxic and metal
crude oil, and free conditions
carbon disulfide
NH3-NH4*, Ammonia Cluster 3 Low
Hydrogen peroxide 3 | solubility in water under normal Low
is miscible, conditions
hydrogen peroxide hydrogen
a high degradation peroxide is
capacity is present | extremely stable
in the blood and when properly
tissues stored
36* | NH3-H30" 140 Low
37 | Water cluster 142 High
Water dimer (H20).H* 120 High
38* | Isotope of water m/z = 37, 0.2% 3 High
39* | Isotope of Isoprene (22.6% of m/z | 142 High
69)
40
41* | Propadiene 145 | insoluble in water uninhibited Low
material may
decompose
violently at
increased
temperature
and/or pressure
Propanol 146 | solubility in water propanol did Low

is miscible

show some decay,
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especially at the

higher
temperatures and
lower pH’s
1-Propanol (37.1% of m/z 43) 142 Low
2-Propanol (34.7% of m/z 43) 142 Low
Isotope of Isoprene (88.7% of m/z | 142 High
69)
42* | Acetonitrile 142 miscible with stable and High
water, methanol, decompose on
methyl acetate, heating
acetone, ether,
chloroform,
and carbon
tetrachloride
43 | Propene (Propylene) 147 | solubility in water propene can High
is 0.61 g/m3 protonate to give
two different
carbocations, one
2° and the other 1°
Esters of Acetic acid 146 Low
Fragments of oxy-VOCs 145 Low
Cyclopropane 145 | low solubility in very reactive High
the blood but it is
greater than in
water
Propanol 145 | solubility in water propanol did Low
is miscible show some decay,
especially at the
higher
temperatures and
lower pH’s
1-Propanol (main fragment) 142 Low
2-Propanol (main fragment) 148 Low
Acetonitrile 141 miscible with stable and Low
water, methanol, decompose on
methyl acetate, heating
acetone, ether,
chloroform,
and carbon
tetrachloride
Acetaldehyde (1.5% of m/z 45, | 142 | extremely soluble at room Low
possibly by reaction with parasitic in both water and temperature,
ion NO") oil and easily acetaldehyde
absorbed orally, (CH3CH=0) is
but only minimal more stable than
amount enters the vinyl alcohol
circulating blood | (CH,=CHOH) by
42.7 kJ/mol
44* | Propanol 146 | solubility in water propanol did Low
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is miscible show some decay,
especially at the
higher
temperatures and
lower pH’s
1-Propanol  (isotope of main| 3 Low
fragment, 3.4% of m/z 43)
2-Propanol  (isotope of main | 142 Low
fragment, 3.5% of m/z 43)
Isocyanic acid 142 | solubility in water | the simplest stable | Low
is dissolves, it is chemical
soluble in blood compound
and if levels
exceed 1 pppv then
it may contribute to
health problems
CH2CHO 142 Low
n-Methylmethanamine 142 | solubility in water stable under Low
IS miscible ordinary
conditions
Ethanimine (Acetaldimine) 142 Low
Ethenamine (Vinylamine) 142 | soluble in water highly flammable | High
and denser than
water
Ethyleneimine 142 | water solubility is | highly flammable, | Low
miscible reacts with a wide
variety of
materials
Nitrous oxide, N2O* 3 solubility in water stable at room Low
is 1.5 g/L (15°C), temperature
soluble in alcohol,
ether, sulfuric acid
45* | Acetaldehyde (main fragment) | 142 | extremely soluble at room High
(Ethanal) in both water and temperature,
oil and easily acetaldehyde
absorbed orally, (CH3CH=0) is
but only minimal more stable than
amount enters the vinyl alcohol
circulating blood | (CH,=CHOH) by
42.7 kd/mol
Carbon dioxide 142 | solubility in water under normal Low
is 1.45 g/L at 25°C, | conditions it is
100 kPa, 0.06 mL stable
CO2/dLblood per
mm Hg (20 times
higher than O2
solubility)
CO2H", it appears at m/z = 45 due | 143 Low

to its very high concentration in
exhaled breath and due to non-
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equilibrium phenomena in the drift
chamber.
Carbon monosulfide 142 | solubility in water it is not Low
is insoluble intrinsically
unstable, but it
tends to
polymerize
Ethylene oxide 142 | solubility in water | aqueous solutions | Low
is miscible, it is of ethylene oxide
readily soluble in are rather stable
water, ethanol,
diethyl ether and
many organic
solvents
Propane solubility in water | itis very stable at | High
is 40mg L ! (at normal
0°C) temperature and
storage conditions
46* | N-methylmethanamine 142 | solubility in water | stable, generally | Low
is3.540 kg L used as a solution
in water at
concentrations up
to around 40%,
extremely
flammable in the
pure form,
incompatible with
strong oxidizing
agents
Acetone (1.4% of m/z = 59) 142 miscible in stable at room Low
benzene, diethyl temperature in
ether, methanol, closed containers
chloroform, under normal
ethanol storage and
handling
conditions
Acetaldehyde (isotope of main 142 | extremely soluble at room Low
fragment, 2.5% of m/z = 45) in both water and temperature,
oil and easily acetaldehyde
absorbed orally, (CH3CH=0) is
but only minimal more stable than
amount enters the vinyl alcohol
circulating blood | (CH,=CHOH) by
42.7 kJ/mol
NO2* 143 | increased reactivity | it is stable enough | Low
of the nitronium to exist in normal
ion in strongly conditions
acidic solution
Isotope of CO;H* 143 Low
CH,CH,OH 142 Low

125




Appendices

Formamide 142 | itis miscible with | it may be stored at | Low
water, methanol, room temperature
ethanol, acetone, and should be

acetic acid, protected from
dioxane, ethylene exposure to
glycol, U.S.P. moisture
glycerol and
phenol, it is very
slightly soluble in
ether and benzene
Ethylamine 142 | solubility in water | specific, stable, | High
IS miscible and easier to
quantitate than the
free amine
Dimethylamine 3 | solubility in water | decompose into | High
is 3.540 kg L%, toxic gas when
very soluble in burnt
water forming a
very strong
alklaine solution
47* | Formic acid (CH302"), HsN2.O" and | 143 Low

NOH* as an  instrument

background.

Potentially produced in the ion

source.

Fragments of oxy-VOCs 145 Low

Thioformaldehyde 142 | slightly soluble in | the encapsulated | Low

water, hightly thioformaldehyde
soluble n benzene | had a much longer
life-time

Ethanol 142 | miscible in water it is stable to High

hydrolysis but is
readily
biodegradable

Dimethyl ether 142 highly water- stable but is Low

soluble, 71 g dm3 extremely
(at 20°C (68°F)) flammable
Methylhydrazine 142 | solubility in water stable Low
IS miscible
48* | NO"-H.O 143 Low
Isotope of Ethanol 141 High
0-Methylhydroxylamine 142 miscible with stable Low
water, alcohol,

ether and hexane
49 | Methanethiol (Methyl mercaptan) 142 | solubility in water stable High

is 2%, soluble in

alcohol and ether
50 | O2'H.0O 143 High
51 | Water cluster of methanol (0.7% of | 142 High

m/z 33)
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1,3-Butadiyne 142 highly flammable | Low
Difluoromethylene 142 assumed to be the Low
soluble in common | thermochemistry
organic solvents of
difluoromethylene
is of considerable
interest in view of
the apparent high
stability of this
radical
52 | Propiolonitrile 142 | soluble in benzene, have a good Low
EtOH, acetonitrile, | stability towards
cyclohexane, moisture, light,
toluene, ether, heat, air, electric
insoluble in water fields and
electromagnetic
radiation
Possibly from Teflon in the PTR- | 143 Low
MS
53*
54* | 2-Propenenitrile 142 | solubility in water | itis used for fire | Low
is 70 g/L, soluble | resistance coating
in water and most
common organic
solvents such as
acetone, benzene,
carbon
tetrachloride, ethyl
acetate, and
toluene
NH3-H30"-H20 140 Low
55* | Fragment of 3-heptanone (10.4% | 142 Low
of m/z = 115)
Water trimer (H20)sH* 120 High
Water cluster 142 Low
Aldehyde fragments 146 Low
Butadiene solubility in water at room High
0.735¢/100 mL, | temperature, 96%
very soluble in of butadiene
acetone, soluble in exists as the s-
ether, ethanol trans conformer,
which is 2.3
kcal/mole more
stable than the s-
cis structure.
56* | Propanenitrile 142 | solubility in water reactivity (1.1), Low

is 11.9% (20°C)

this degree
includes materials
that are normally
stable, but that
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may become
unstable at
elevated
temperatures and
pressures
Isocyano-ethane 142 thermally stable | Low
molecules
1-Azabicyclo[1.1.0]butane 142 N/A stable for a few Low
monthes or longer
if stored properly
(at -18°C)
Propargylamine 142 | solubility in water stable under Low
is miscible normal conditions
Vinylimine 142 Low
Possibly from Teflon in the 143 Low
PTR-MS
57 | 1-Butene (Butylene) 145 | solubility in water | it is stable in itself | High
is 0.221 ¢/100 mL, | but polymerizes
soluble in alcohol, exothermically
ether, benzene
2-Butene 142 | solubility in water | trans-2-buteneis | Low
is 347.58 mg/L more stable than
cis-2-butene
Propenal (Acrolein) 3 | solubility in water | unstable and very | Low
is g/100ml at 20°C | dependent on pH
2-Propenal (Acrolein) 142 | solubility in water | unstable and very | Low
is g/100ml at 20°C | dependent on pH
2-Methyl-I-propene (Isobutylene) 142 | solubility in water stable High
is insoluble
2-Aminoacetonitrile, NCCH2NH> 142 soluble stable under Low
ordinary
conditions,
moisture sensitive
Methylketene 142 | water solubility is Low
1.70E+05 mg/L in
25°C
C2S 142 Low
Acrolein (Propenal) 141 | solubility in water | unstable and very | High
is g/100ml at 20°C | dependent on pH
Butanol 146 | solubility in water Low
is73 gL tat 25°C,
very soluble in
acetone
miscible with
ethanol, ethyl ether
Cyclobutane it is insoluble in cyclobutane is High
water but is soluble | more stable than
in alcohol, acetone, cyclopropane
and ether
58 | Isocyanatomethane 142 | solubility in water | stable, but highly | Low
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is 10% (15°C), itis | reactive, highly
soluble in water to flammable,
6—10 parts per 100 readily forms
parts, but it also explosive
reacts with water | mixtures with air,
note low boiling
point, low flash
point
2-Oxopropyl, CH,COCHj3 142 Low
Methyl azide 142 | solubility in water it is stable at Low
is slightly soluble, ambient
solubility alkane, temperature but
ether. soluble in may explode
most organic when heated
solvents
Cyclopropylamine 142 | solubility in water stable Low
is miscible, soluble
in ethanol
2-Propen-1-amine (Allylamine) 142 miscible with it is stable, but Low
water, alcohol, absorbs carbon
chloroform, ether | dioxide from the
air, incompatible
with oxidizing
agents
2-Methylaziridine 142 | solubility in water unstable Low
(Propyleneimine) is miscible
1-Methylaziridine 142 Low
2-Propanimine 142 Low
1-Methylethenylamine 142 Low
Azetidine 142 | solubility in water it has four- Low
IS miscible membered ether
ring oxetane,
although similar
in structure, the
stability and
chemistry of these
rings is known to
be very different
Acrolein (isotope m/z=57) 141 Low
59 | Acetone (main fragment) 142 | solubility in water stable at room High
is miscible and temperature in
miscible in closed containers
benzene, diethyl under normal
ether, methanol, storage
chloroform,
ethanol
Propanal (Propionaldehyde) 142 | solubility in water stable, highly High
is 20 g/100 mL and flammable,
540 g/L (20°C) incompatible with
oxidizing agents,
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strong acids,
strong bases

Propylene oxide 142 | solubility in water | itis stable under | Low
IS 41% (20°C) recommended
storage conditions
Thioketene 142 thioketenes are Low
much more
reactive and less
stable than the
corresponding
ketenes
Methoxy-ethene 142 Low
(e)-Dimethyldiazene 142 Low
Dimethyl-diazene 142 Low
CH3C(=NH)NH> 142 Low
Butane solubility in water the staggered High
is 61 mg L (at conformation of
20°C), solubility in | ethane is a more
water and salt stable
solutions at low
temperatures
60 | Acetone (isotope of main fragment, | 142 Low
3.4% of m/z 59)
CH2CH>CH,OH 142 Low
N-methylformamide 142 | solubility in water | DMFis favored | Low
is miscible over NMF as a
solvent due to its
greater stability
Acetamide 142 | solubility in water it is used as the Low
is2000g L1, solvent
solubility in
ethanol is 500 g
L2, pyridine is
166.67 g L1,
soluble in
chloroform,
glycerol, benzene
1-Propylamine 3 soluble Stable, highly Low
flammable, note
low flash point,
readily forms
explosive
mixtures with air,
incompatible with
oxidising agents,
strong acids, store
cool
Isopropylamine 3 solubility in water | stable, extremely | Low

is soluble

flammable - note
low boiling point

130




Appendices

and low flash
point
Methylethylamine 3 water solubility is Low
418.0 mg/mL
Trimethylamine 142 | solubility in water High
IS miscible
1-Propanamine 142 Low
2-Propanamine 142 Low
N-methyl-ethanamine 142 Low
61* | Acetaldehyde (3.7% of m/z = 45) 142 High
Methoxyethane 142 | soluble in water stable, but may Low
and acetone, become unstable
miscible in ethyl at elevated
alcohol and ethyl | temperatures and
ether pressures
Ethylenediamine 142 | solubility in water stable under Low
IS miscible ordinary
conditions
Acetic acid 142 | solubility in water it is extremely High
is miscible stable stored at
room temperature
Esters of Acetic acid 146 Low
Methyl formate 142 | solubility in water | Stable, extremely | Low
is 30% (20°C) flammable,
readily forms
explosive
mixtures with air,
note low flash
point and very
wide explosion
limits,
incompatible with
oxidizing agents
Propanol 145 | solubility in water High
is miscible
1-Propanol (but this fragments | 142 | solubility in water 1-propanol > Low
mostly to m/z 43 by loss of water) is miscible ethanol >
2-propanol
2-Propanol (but this fragments | 142 | solubility in water 1-propanol > Low
mostly to m/z 43 by loss of water) IS miscible ethanol >
2-propanol
1,1-dimethylhydrazine 142 | solubility in water | solution stored in | Low
is miscible dark and cold are
relatively stable in
absence of
oxidants
Glycolaldehyde 146 H-O: 0.1 g/mL, high stability of | Low
clear, colorless glycolaldehyde
Carbonyl sulfide soluble in water stable under High

(0.80 mL/mL of

normal conditions

131




Appendices

water at 13.5°C, 1
atm), very soluble

in KOH, CSy,
soluble in alcohol,
toluene
Dimethylsilane stable at room High
temperature and
atmospheric
pressure
62* | Isotope of Acetic acid 146 Low
63* | Dimethyl sulfide 142 it is a water- stable High
insoluble
flammable liquid
that boils at 37 °C
Ethanethiol (Ethyl mercaptan) 142 | solubility in water stable under High
is 0.7% (20°C), ordinary
soluble in most conditions
organic solvents,
but only slightly
soluble in water
Nitramide, (H2N-NO>) 142 very soluble in Low
water
Sulfine, CH,=S=0 142 Low
1,2-Ethanediol (Ethylene-glycol) 142 soluble in most chemically stable | Low
organic solvents, inairand in
soluble or miscible solution
with water
CO2H"-H20 143 Low
Cluster of acetaldenyde with| 3 Low
primary lon
Ethylene-glycol (1,2-Ethanediol) soluble in most chemically stable | High
organic solvents, inairand in
soluble or miscible solution
with water
64* | Nitric acid 3 | solubility in water stable under Low
is completely ordinary
miscible conditions of use
and storage
2-Fluoro-ethylamine 3 Low
65 | 2-Fluoro-ethanol 3 solubility in water this colorless Low
is miscible liquid is one of
the simplest stable
fluorinated
alcohols
1,1-Difluoroethene 3 | solubility in water Low
is 0.254 g/L
Cluster of ethanol and primary lon 3 Low
Ethanol water 145 Low
Ethylchloride (Chloroethane) 3 | solubility in water, stable for three Low

0.447 g/100 mL

years after receipt

132




Appendices

(0°C), 0.574 g/100 | of order if stored
mL (20°C), under
solubility soluble recommended
in alcohol, ether, conditions
solubility in
ethanol 48.3 g/100
g (21°C)
66
67 | Isoprene (3.8% of m/z = 69, | 142 High
possibly by reaction of isoprene
with parasitic ion NO™)
Malononitrile 142 | solubility in water stable under Low
is 13% (20°C), ordinary
13.3 g/100 mL conditions
(20°C)
Chlorofluoromethylene 142 Low
1,3-Cyclopentadiene 142 | solubility in water | itis slightly more | Low
is insoluble stable than
expected
68* | Cyanoketene 142 Low
Cyclopropanecarbonitrile 142 | soluble in water stable under Low
normal
temperatures and
pressures
HNCCCO 142 Low
Pyrrole 142 | insoluble in water; stable under Low
soluble in alcohol, ordinary
ether, and dilute conditions
acids
69* | Isoprene (2-Methyl-1,3-butadiene) | 142 it has a water unstable High
(main fragment) solubility of 642
mg/l (25°C)
Cluster of methanol and water | 140 Low
dimer
Cyclopentene 142 immiscible stable Low
Furan 142 itis soluble in itis sensitive to | High
common organic | heat and may turn
solvents, including brown upon
alcohol, ether, and standing
acetone, but is
slightly soluble in
water
2-Pentyne 142 Low
Ethenylcyclopropane 142 Low
3-Methyl-1-butyne 142 Low
2-Methyl-1,3-butadiene (Isoprene) | 142 it has a water unstable Low
solubility of 642
mg/l (25° C)
1,3-pentadiene 142 | water solubility is | more stable than | Low
690 mg/L, soluble | an isolated diene
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in ether, alcohol,
acetone and

benzene
3,3-Dimethyl-cyclopropene 142 it is quite stable at | Low
room temperature
1H-Pyrazole 142 | solubility in water stable under Low
is about 1g/mL, normal
very soluble temperatures and
pressures
CsS 142 Low
1H-Imidazole 142 0.1 M at 20°C stable High
1-Methyl-cyclobutene 142 Low
70* | Isoprene  (isotope  of  main | 142 Low
fragment, 5.9% of m/z = 69)
Acetyl cyanide (CH3COCN) 142 | special smell ether Low
and can be soluble
in acetonitrile, in
water or alcohol
decomposition
Butanenitrile 142 | solubility in water Low
is 0.033 g/100 mL,
soluble in benzene,
miscible in alcohol,
ether,
dimethylformamid
e
2-Methyl-propanenitrile 142 Low
Isoxazole 142 it is scarcely stable under Low
soluble in water normal
(15 g per 100 ml at | temperatures and
25°C) pressures
Oxazole 142 itis soluble in stable under Low
alcohol and ether ordinary
and slightly soluble conditions
in water
1,2,3-Triazole-1H 142 | solubility in water | itisasurprisingly | Low
is very soluble stable structure
compared to other
organic
compounds
1,2,4-Triazole-1H 142 | solubility in water stability sir Low
is very soluble, sensitive, reacts
clear to hazy with acids and
oxidizing agents
71 | Cyclobutanone 142 | itisconsiderably | slightly solublein | Low
soluble in water water, soluble in
most organic
solvents
2-Methyl-2-propenal 142 | water solubility is unstable and Low

5.9% (59,000

readily undergo
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mg/L) at 20°C violent chemical
change
2-Methyl-1-butene 3 soluble in ether, stable, Low
ethanol, and incompatible with
benzene, insoluble | oxidizing agents,
in water extremely
flammable
2-Methyl-2-butene 142 | solubility in water | actsas guestand | Low
is insoluble, forms stable solid
solubility in host-guest
alcohols and ether | complexes with
IS miscible self-assembled
benzophenone
bis-urea
macrocycles
2,5-Dihydro-furan 142 | solubility in water stable under Low
is slightly soluble ordinary
conditions
2-Butenal (Crotonaldehyde) 142 | solubility in water it is relatively Low
is 18% (20°C), stable in pure
very soluble in water but
ethanol, ethyl undergoes
ether, acetone hydrolysis in the
soluble in presence of
chloroform, water with low or
miscible in high pH
benzene
Methyl vinyl ketone (3-buten-2- | 142 it is soluble in stabilized Low
one) water and polar
organic solvents
Dimethyl-cyanamide 142 | stable but which very soluble in Low
may become water, soluble in
unstable at elevated | alcohol, ether and
temperatures and acetone
pressures
Methylaminoacetonitrile; 142 it is material is Low
CH3NHCH2CN stable if stored
under proper
conditions.
3-Aminopropionitrile; 142 easily oxidized Low
H2NCH2CH2CN and unstable
2,3-Dihydro-furan 142 Low
Crotonaldehyde (2-Butenal) 141 | solubility in water it is relatively Low
is 18% (20°C), stable in pure
very soluble in water but
ethanol, ethyl undergoes

ether, acetone
soluble in
chloroform,
miscible in

hydrolysis in the
presence of
water with low or
high pH
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benzene
3-buten-2-one Methyl vinyl ketone | 149 it is soluble in stabilized Low
water and polar
organic solvents
Methacrolein 146 | 6 g/100 mL (20°C) stable Low
Pentene water solubility is High
0.15 g/L (20 °C)
Cyclopentane solubility in water slightly more High
15 0.01% at 20°C stable
72* | Methoxyacetonitrile 142 Low
2-Azetidinone 142 Low
Acrylamide 142 | solubility in water If it is kept Low
is 2.04 kg/L protected from
(25°C), 50 mg/mL light, it is
at 20°C expected to be
stable
2-Methyl-2-propen-1-amine 142 Low
Pyrrolidine 142 | solubility in water Low
IS miscible
Ethenamine, (CH3).NCH=CH. 142 Low
Ethyl azide 142 | solubility in water it is stable at Low
is slightly soluble, ambient
soluble in alkane temperature but
and ether may explode
when heated
N-ethyl-azetidine 142 Low
N-thylidene-ethanamine 142 Low
Crotonaldehyde (isotope) 141 Low
Methacrolein (isotope) 146 Low
73 | Water tetramer (but in relatively | 3 Low
low concentrations) (H20)sH*
Water cluster (but in relatively low | 142 Low
concentrations)
Butanal 142 | solubility in water | readily oxidizes | High
is 7.6 g/100 mL on prolonged
(20°C), miscible | exposure to air to
with ethanol, ether, | form explosive
toluene, peroxides
very soluble in
acetone, benzene,
slightly soluble in
chloroform
Isobutanal (2-Methylpropanal) 3 solubility in water stable Low
is moderate,
solubility in other
solvents is miscible
in organic solvents
2-Silaisobutene 142 Low
2-Methylpropanal (Isobutanal) 142 | solubility in water stable Low
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is moderate,
solubility in other

solvents is miscible

in organic solvents

Tetrahydrofuran 142 | solubility in water Low
IS miscible
2-Butanone (methyl ethyl ketone) 142 | solubility in water normally stable | High
is 27.5 g/100 mL
Ethoxy-ethene 142 | water solubility is stable Low
7.8 g/L (25°C)
2-Methoxy-1-propene 142 | solubility in water stable under Low
is slightly soluble normal
in (20°C) temperatures and
pressures
Iron monoxide 142 Low
Methylglyoxal 146 | water solubility is very stable Low
>10g/100 mL at
17°C
Pentane solubility in water the branched High
is40mg L (at isomers are more
20°C) stable
Malondialdehyde solubility in water stable High
IS miscible
Isopentane solubility in water stable under High
is 48 mg/L (25°C) | normal conditions
Neopentane solubilityin wateris | normally stable | High
33.2 mg/L (25°C)
74* | Thiocyanic acid methyl ester | 142 | solubility in water this material is Low
(Methyl thiocyanate) is slightly soluble, stable if stored
solubility in diethyl under proper
ether is miscible conditions
Isothiocyanato-methane 142 | soluble in ethanol, stable under Low
ethyl ether, slightly normal
soluble in water temperatures and
pressures
N,N-dimethylformamide 142 | solubility in water stable under Low
is miscible ordinary
conditions
N-methyl-acetamide 142 | solubility in water stable, Low
Is stable combustible,
incompatible with
strong oxidizing
agents
2-Methyl-1-propanamine 142 | water solubility is Low
1000 mg/mL at
25°C
1-Butylamine 3 | solubility in water stable in closed | High
IS miscible containers at

room temperature
under normal
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storage
2-Methyl-2-propanamine 3 Low
Diethylamine 3 | solubility in water Low
IS miscible
N,N-dimethylethanamine 142 | soluble in water, stable Low
3.45x10° mg/L at
25°C
1-Butanamine 142 | solubility in water stable in closed Low
IS miscible containers at
room temperature
under normal
storage
2-Butanamine 142 | solubility in water normally stable Low
is miscible
N-methyl-2-propanamine 142 Low
2-methyl-2-propanamine 142 Low
N-ethyl-ethanamine 142 Low
2-Butanone or methyl ethyl ketone | 141 | solubility in water stable Low
is 27.5 g/100 mL
75* | 1-Butanol 141 | solubility in water stable under High
is73 gL tat 25°C, ordinary
solubility is very conditions
soluble in acetone
miscible with
ethanol, ethyl ether
2-Butanol 142 | solubility in water High
is 290 g/L
2-Methyl-1-propanol 142 | solubility in water Low
is 8.7 mL/100 mL
Propionic acid 142 | solubility in water stable under High
is 8.19 g/g recommended
(—28.3°C), 34.97 | storage conditions
g/g (—23.9°C),
miscible (> —19.3
°C), solubility is
miscible in EtOH,
ether, CHCls
Diethyl ether (Ethoxy ethane) 3 solubility in water stable Low
is 69 g/L (20°C)
Formic acid ethyl ester 142 | soluble in C-tung, instability in the | Low
11.8g/100ml water can be
solubility in water gradual
decomposition
1,1-Dimethyl-ethanol 142 | soluble in water stable under Low
normal
temperatures and
pressures
Methyl propyl ether 142 | solubility in water Low
is 30.5 g/L
Acetic acid methyl ester (Methyl | 142 25% in water at | is not stable inthe | Low
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acetate)

room temperature

presence of strong
aqueous bases or
aqueous acids

2-Methoxy-propane 142 Low
Ethoxy ethane (Diethyl ether) 142 | solubility in water stable Low
is 69 g/L (20°C)
Thietane 142 Low
Methyl-thiirane 142 Low
Methyl vinyl sulfide 142 Low
1,3-Propanediamine 142 it is soluble in stable Low
water and many
polar organic
solvents
Methyl acetate (Acetic acid methyl | 149 25% in water at | is not stable inthe | Low
ester) room temperature | presence of strong
aqueous bases or
aqueous acids
1-Hydroxy-2-propanone 145 | solubility in water stable under Low
is soluble, solvent | normal conditions
soubility is soluble
in alcohol and
ether
Hydroxyacetone 146 | solubility in water stable Low
(g/L) is miscible
76* | Chloro-acetonitrile 142 insoluble stable under Low
normal
temperatures and
pressures
Nitroethane 142 | solubility in water stable 7 days at Low
is slightly soluble 25°C
(4.6 g/100 ml at
20°C)
Nitrous acid ethyl ester 142 Low
N-hydroxy acetamide 142 | highly soluble in stable under Low
H>O (500 mg normal conditions
mL™1), alcohols,
DMSO
Ethanethioamide 142 | water solubility is stability Low
16.3 g/100 mL (25 | incompatible with
°C) water, mineral
acids
Glycine 142 | solubility in water stable under High
is 24.99 g/100 mL ordinary
(25 °C), is soluble conditions
in pyridine,
sparingly soluble in
ethanol, insoluble
in ether
2-Methoxy-ethanamine 142 Low
3-Amino-1-propanol 142 | solubility in water stable under Low
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is miscible, solvent ordinary
soubility is soluble conditions,
in most organic hygroscopic
solvents
N-oxide-N,N- 142 Low
dimethylmethanamine
Hydroxyacetone (isotope) 146 Low
Propionic acid (isotope) 146 Low
Methy! acetate (isotope) 146 Low
77 | 2-Methoxy-ethanol 142 | solubility in water stable Low
IS miscible
Methyl alcohol 3 it is alcohol is stable under Low
completely normal
miscible(soluble) | temperatures and
in water because pressures
the polarity of the
hydroxyl group is
greater than the
non-polarity of the
Carbon chain
Propanethiol (1-Propanethiol) 146 | soluble in water High
(1.9 g/l) at 25°C
1-Propanethiol (Propanethiol) 142 soluble in water Low
(1.9 g/l) at 25°C
1-Fluoro-2-propanone 142 Low
2-Propanethiol 142 | soluble in water stable Low
Benzyne 142 Low
(Methylthio)-ethane 142 | insoluble in water, Low
soluble in alcohols
and oils
1,2-Propanediol 146 | solubility in water stable at room Low
is miscible temperature for
years 6
1,3-Propanediol 142 | solubility in water stable under Low
is miscible normal
temperatures and
pressures
Thiourea 142 | solubility in water hydrolytically Low
is 14.2 g/100ml stable
Trimethyl-phosphine 142 very soluble in stable at ambient | Low
aliphatic, aromatic temperature
and ethereal
solvents.
Acetone + m/z =19 (primary ions) | 140 Low
Aceton water 145 Low
Carbon disulfide solubility in water | itis a rather stable | High
is 0.258 g/100 mL compound
(0°C), 0.239 g/100
mL (10°C), 0.217
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9/100 mL (20°C),
0.014 g/100 mL
(50°C), soluble in
alcohol, ether,

benzene, oil,
CHCIs, CCly
Thioacetic acid water solubility is stable High
27 g/L (15°C)
(hydrolyse)

78 | Methyl nitrate 142 | soluble in water unstable Low
1,5-Hexadiyn-3-yl radical 142 Low
3-Fluoropropylamine, 142 Low
FCH2CH2CH2NH:

79 | Benzene 142 | itis fairly soluble | more stable than | High

in water cyclohexane
Fluoroacetic acid 142 | solubility in water stable Low
is soluble
Dimethyl sulfoxide 142 | solubility in water | stable in neutral | High
IS miscible, or alkaline
solubility in diethyl conditions
ether is very
soluble
Acetic acid water 145 Low
Propanol (isotope) 146 Low
2-mercaptoethanol miscible in water stable under High
in all proportions, ordinary
and miscible in conditions
alcohol, ether and
benzene
80* | Pyridine 142 | solubility in water | more stable than | High
is miscible benzene
Benzene (isotope) 141 Low
81 | 2-Chloroethanol 142 | solubility in water normally stable Low
IS miscible
1,4-Cyclohexadiene 142 | soluble in common stable Low
organic solvents
(i.e., diethyl ether,
THF, toluene)
1,3-Cyclohexadiene 142 | solubility in water 1,3- Low
IS none cyclohexadiene is
about 8.5 kJ/mol
more stable than
1,4-
Cyclohexadiene
Pyrazine 142 | solubility in water stable High
is soluble
1-Methyl-3-methylenecyclobutene | 142 Low
1,3-Diazine (Pyrimidine) 142 soluble stable High
Pyridazine 142 High
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Cluster of acetaldehyde and water 3 Low
Dimer
Monoterpene fragment 145 soluble stable Low
82 | NCC(CHs)CO 142 Low
1,3,5-Triazine 142 Low
CH3NCCCO 142 Low
2,2-Difluoro-ethylamine 142 Low
83 | Ethanol, 2,2-difluoro- | 142 Low
CF,HCH>OH
Cyclohexene 142 | solubility in water stable Low
is insoluble,
miscible with
organic solvents
1-Methyl-cyclopentene 142 Low
Phosphorous-acid-, HsPO3 142 Low
Methylene-cyclopentane 142 Low
2,3-Dimethyl-1,3-butadiene 142 soluble in stable if stored High
chloroform, under proper
insoluble in water conditions
3-Methyl-furan 142 Low
1-Hexyne 3 in water at 25°C stable under Low
was reported to be normal
360 g(1)/106 g temperatures and
pressures
2-Methyl-1,3-pentadiene 142 Low
2-Methyl-furan 3 solubility in water Low
is 3000 mg/L
(20°C), solubility
in ethanol is
soluble
(1-Methylethenyl)-cyclopropane 142 Low
1,3,3-Trimethylcyclopropene 142 Low
3(5)-Methylpyrazole 142 Low
4-Methylpyrazole 142 | soluble in water stable under High
storage conditions
of up to about
55°C
1-Methylpyrazole 142 Low
4-Methylimidazole 142 very soluble in stable under Low
water and alcohol ordinary
conditions
1-Methyl-1H-imidazole 142 | solubility in water stable at room Low
is very soluble temperature in
closed containers
under normal
storage and
handling
conditions
2-Methyl-1H-imidazole 142 Low
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Cluster of ethanol and water dimer | 140 Low
1,2-Dimethylcyclobutene 142 Low
3-Methyl-1,3-pentadiene 142 Low
CH3CH=C(CH3)CH=CH>
1-Ethenyl-1-methyl-cyclopropane | 142 Low
dichloromethylene
1,5-Hexadiene 145 | in water at 25°C Low
was reported to be
169 g(1)/10° g(2)
84* | Pentanenitrile 142 | water solubility is stable Low
0.1-0.5 g/100 mL
at 22.5°C
2,2-Dimethyl-propanenitrile 142 Low
tert-Butyl isocyanide 142 Low
4-NH-pyrazole 142 Low
3(5)-Aminopyrazole 142 Low
N,N-dimethyl-2-propyn-1-amine 142 Low
85 | 2-Methyl-2-pentene 142 insoluble in stable Low
water,soluble in
ethanol, ethyl ether
1-Hexene 3 | solubility in water stable High
is insoluble
2,3-Dimethyl-2-butene 142 not soluble in stable under Low
water, soluble in normal
ethanol, ethyl temperatures and
ether, acetone and pressures
chloroform etc.
Thiophene 142 | solubility in water stable under Low
is insoluble ordinary
conditions
Methylcyclopentene 3 water solubility is Low
117.68 mg/L
2-Pentenal 142 | solubility in water Low
is 45 g/L, soluble
in ethanol, diethyl
ether, carbon
tetrachloride,
chloroform
3-Methyl-3-buten-2-one 142 | soluble in water Low
(4.7%), ethanol,
acetone, and ether
2-Methyl-2-butenal 142 Low
1-Cyclopropyl-ethanone 142 | solubility in water stable under Low
is 185 g/L ordinary
conditions
3-Methyl-2-butenal 142 | solubility in water, Low
9/100ml at 20°C
3-Penten-2-one 142 | water solubility is stable Low

slight
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3,4-Dihydro-2H-pyran 142 | solubility in water stable under Low
is soluble normal
temperatures and
pressures.
4-Methyl-2,3-dihydrofuran 142 Low
(Dimethylamino)-acetonitrile 142 Low
2,3-Dihydro-5-methyl-furan 142 Low
CH3CH=C(CH3)C>Hs 142 Low
Cyclopentanone 142 | solubility in water stable Low
is slightly soluble
1,4,5,6-Tetrahydropyrimidine 142 Low
Ethyl vinyl ketone 149 Low
Cyclohexane solubility in water stable High
is immiscible,
soluble in ether,
alcohol, acetone
miscible with olive
oil
86* | Methacrylamide 142 | solubility in water stable Low
is 202 g/L (20°C)
2-Butenamide 142 Low
Thiazole 142 | solubility in water stable under Low
is sparingly soluble ordinary
conditions
Piperidine 142 | solubility in water stable under Low
IS miscible ordinary
conditions
N,N-dimethylallyl amine 142 soluble stable Low
(CH3).C=NC3Hs 142 Low
1-Methyl-pyrrolidine 142 | water solubility is stable under Low
fully miscible normal
temperatures and
pressures
CH3CH=CHN(CHz)> 142 Low
Carbonocyanic acid methyl ester; | 142 Low
CH3COOCN
2-Methyl-2H-azetidin-2-one 142 Low
N-(2-propylidene)ethanamine 142 Low
87 | Pentanal 142 | solubility in water stable at room Low
is very slightly temperature in
soluble closed containers
under normal
storage and
handling
conditions
2,3-Butanedione 142 | water solubility is stable Low
200 g/L (20°C)
2-Petanone 145 less dense than stable High
water and soluble
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in water
Acetic acid ethenyl ester 142 | slightly soluble in polymerizes in Low
water light
2-Methyl-2-propenoic acid 142 | solubility in water | may be stabilized | Low
is 9% (25°C) by the addition of
MEHQ
(Hydroquinone
methyl ether)
Crotonic acid 142 | soluble in water normally stable, | Low
and less dense than | even under fire
water exposure
conditions
Tetrahydro-2H-pyran 142 Low
Cyclopropanecarboxylic acid 142 | soluble in water stable under Low
normal
temperatures and
pressures
2-Propenoic acid methyl ester 142 | solubility in water the stability Low
is slightly soluble depends upon
(52 g/l) dissolved oxygen
and MEHQ
inhibitor
Isocrotonic acid 142 Low
C2HsOCH>CH=CH> 142 Low
3-Methyl-2-butanone 142 | water solubility is stable under Low
6 g/L (20 °C) normal
temperatures and
pressures
3-Methyl-2-buten-1-ol 149 | water solubility is Low
170 g/L (20 °C)
3-Pentanone 142 | solubility in water stable Low
is 50 g/L (20°C)
2-penten-I-ol 149 Low
y-Butyrolactone 142 | solubility in water stable under Low
is miscible, soluble ordinary
in CCls, methanol, conditions
ethanol, acetone,
benzene, ethyl
ether
Tetrahydro-2-methylfuran 142 | solubility in water stable Low
is 15 g/100 mL
(25°C)
4-Fluoropyrazole 142 Low
Ethyl-1-propenyl ether, 142 Low
C2oHsOCH=CHCH3
trans-CH3CH=CH-OC:Hs 142 Low
Allyl ethyl ether 3 solubility in water Low
is insoluble
Piperazine 142 | readily soluble in stable against Low
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water, methanol
and

ethanol; poorly

soluble in diethyl

oxidative and
thermal
degradation

ether,
benzene and
heptane
Tetramethylhydrazine 3 | soluble in water or stable Low
alcohol
1,4-butanediamine 3 soluble in water normally stable, Low
(40 mg/ml at even under fire
20°C), ether, and conditions
alcohol
Acetaldehyde, dimethylhydrazone | 142 Low
(CH3)2N-CH=N-CHs3
2,3-Dihydro-1,4-dioxin 142 Low
c-C(CH?3)(C2Hs)NHNH 142 Low
N,N'-Dimethylethylenediamine, 142 | solubility in Water it is stable if Low
CH3NHCH2CH2NHCH3 is insoluble stored under
proper conditions
Hexane solubility in water stable High
is9.5mgL?
88* | (Methylthio)-acetonitrile, 142 stable under Low
CH3SCH.CN normal
temperatures and
pressures
1,4-Dioxyl radical 142 Low
N-CsH;NHCHO 142 Low
N-ethyl-acetamide 142 Low
N,N-dimethyl-acetamide from | 143 | solubility in water stable under Low
tedlar sampling bags is miscible ordinary
conditions
N-methyl-propanamide 142 | solubility in water stable under Low
is very soluble normal
temperatures and
pressures
1-Pentylamine 142 | solubility in water | stable if storedas | Low
is miscible per the conditions
specified under
storage of below
30°C
Morpholine 142 | soluble in water, stable Low

methanol, ethanol,
ethyl acetate,
acetone, benzene,
chloroform.
Practically insol in
toluene, xylene,
petr ether, ether,
carbon
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tetrachloride.

Neopentylamine 142 soluble in ethyl stable under Low
ether, slightly recommended
soluble in water | storage conditions
2-Propanamine, 142 | solubility in water Low
(C2Hs)(i-C3H7)NH is miscible
N,N-Dimethyl-1-propanamine, 142 Low
(CH3)2(n-C3H7)N
N-ethyl-N-methyl-ethanamine 142 Low
N,N-dimethylacetamide 3 | solubility in water stable under Low
IS miscible ordinary
conditions
2-Methyl-2-butanamine 142 Low
N,N-dimethyl-2-propanamine 142 Low
Dimethylacetamide, DMAC solubility in water stable up to its Low
is miscible atmospheric
boiling point
89* | 1-pentanol 3 water solubility is stable Low
22 g/L (22°C)
2-methyl-2-butanol 3 | solubility in water normally stable Low
is 120 g.dm3
1,3-Dioxane 142 | water solubility is Low
miscible
1,4-Dioxane 142 | slightly denser than stable Low
water and soluble
in water
Formic acid propyl ester 142 Low
Formic acid 1-methylethyl ester 142 Low
Ethylene carbonate 142 | soluble in water, stable Low
alcohol, ether, and
benzene
1-Methoxy-butane 142 less dense than oxidizes readily in | Low
water and slightly air to form
soluble in water unstable
peroxides that
may explode
spontaneously
Propanoic acid methyl ester 142 | solubility in water Low
is 72 g/L (20°C)
Ethyl acetate 142 | water solubility is stable Low
80 g/L (20°C)
Butyl methyl ether 3 | solubility in water stable, but may Low
IS 26 g/L (20°C) form explosive
peroxides in
contact with air
2-Ethoxy-propane 3 Low
Tetrahydrothiophene 142 | water solubility is stability highly Low
immiscible flammable
CH,>=C(CH3)-SCH3 142 Low
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Tetramethylhydrazine 142 | soluble in water or stable Low
alcohol
1,4-Butanediamine 142 | soluble in water normally stable Low
with strongly basic
reaction
2,2-Dimethyl-1-propanol 142 | soluble in water stable Low
(40 mg/ml at
20°C), alcohol, and
ether
2-Methoxy-2-methyl-propane 142 | solubility in water stable under Low
is slightly soluble ordinary
(45-55¢/lat conditions
25°C)
1,1-Dimethoxy-ethene 142 miscible with highly flammable, | Low
water, alcohol, may form
chloroform, ether unstable
peroxides when
exposed to
oxygen
2-Hydroxybutanal 145 | soluble in all prop. Unstable Low
in water, alcohol,
soluble in ether,
very soluble in
acetone
Esters of butyric acid 146 Low
Butyric acid solubility in water stable High
is miscible, slightly
soluble in CCls,
miscible with
ethanol, ether
Isobutyric acid water solubility is stable under High
210 g/L (20°C) ordinary
conditions
90* | Propanenitrile, CI(CH2).CN 142 | solubility in water stable Low
is 11.9% (20°C)
iso-Propyl nitrite 142 Low
N-Hydroxy-N-methyl acetamide 142 stable under Low
normal conditions
N,N-dimethyl-methanethioamide 142 Low
4-Amino-1-butanol, 142 | solubility in water stable under Low
NH2(CH2)4sOH is very soluble normal
temperatures and
pressures
N-Methoxy acetamide 142 Low
Esters of butyric acid 146 Low
Alanine solubility in water it produces a High
is 167.2 g/L (25°C) | stable alkyl free
radical
91 | 1-Butanethiol (Butyl mercaptan) 142 less dense than normally stable, | High

water and slightly

even under fire
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soluble in water exposure
conditions
2-Methyl-1-propanethiol (Isobutyl | 142 | soluble in ethanol, stable if stored Low
Mercaptan) ether, iquid under proper
hydrogen sulfide, conditions
and cold water, hot
water
2-Butanethiol 142 | solubility in water Low
is slightly soluble
2-Methyl-2-propanethiol (tert- | 142 | solubility in water stable High
butyl-mercaptan) is slightly soluble
Ethanethioic acid S-methyl ester 142 | soluble in oil and Low
alcohol
Carbonic acid dimethyl ester 142 | solubility in water, stable in the Low
is 1.38x10" mg/L | presence of water
at 25°C, miscible
with alcohol and
ether
CH3C(=S)OCH3 142 Low
Diethyl sulfide 142 | solubility in water stable Low
is insoluble, in
ethanol is fully
miscible, in diethyl
ether is fully
miscible
1,2-Dimethoxyethane 142 | solubility in water stable Low
IS miscible
1,4-Butanediol 142 | solubility in water stable Low
is miscible, in
ethanol is soluble
Water pentamer, (H20)sH* 120 Low
N-Methyl-N-nitro-methanamine 142 Low
1,3-Butanediol 146 | solubility in water stable under Low
is 1 kg dm3 normal
temperatures and
pressures
92 Low
93 | Ethyl fluoroformate, FCO2C2Hs 142 Low
Toluene 142 | solubility in water stable when High
15 0.052% at 25°C stored under a
dry, inert
atmosphere and
away from heat
2,5-Norbornadiene 142 | solubility in water stable under Low
is insoluble normal conditions
1,2,3-Propanetriol 142 | solubility in water stable under Low
is slightly soluble ordinary
(soluble alcohol,; conditions
slightly soluble in
ether, carbon
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disulfide; insoluble
in benzene)
Trimethylphosphine oxide 142 | solubility in water | thermally stable | Low
is low, in other
solvents is polar
organic solvents
3-Ethynylfuran 145 Low
94* | Aniline 142 | solubility in water stable under High
is 3.6 ¢g/100 mL at normal
20°C temperatures and
pressures
N-2-propynyl-2-propyn-1-amine 142 Low
3-Methylpyridine 142 | solubility in water | chemically stable | Low
is very soluble
4-Methylpyridine 142 | solubility in water stable under Low
is fully miscible recommended
storage conditions
2-Methylpyridine 142 | solubility in water stable Low
IS miscible
Toluene (isotope) 141 Low
95* | 1,3-Difluoro-2-propanone, 142 Low
CFH>COCFH;
Chloroacetic acid 142 | solubility in water | normally stable, | Low
is 85.8 g/100mL even under fire
(25°C), soluble in conditions
methanol, acetone,
diethyl ether,
benzene,
chloroform,
ethanol
3,3 -Oxybis-1-propyne 142 stable under Low
recommended
storage conditions
Dimethyl disulfide 142 | solubility in water stable High
is 2.5 g/L (20°C)
Phenol from Tedlar sampling Bags | 143 | solubility in water stable under High
is 8.3 g/100 mL ordinary
(20°C) conditions
acetone + m/z = 37 (water dimmer) | 140 Low
2-Norbornene 142 | water solubility at | stable at normal Low
20°Cis 134 mg/l | temperatures and
pressure even
without stabilizer
3-Pyridinamine 142 | solubility in water stable Low
is soluble,
solubility in
alcohol and
benzene is soluble
2-Pyridinamine 142 | solubility in water Stable under Low
is >100% ordinary
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conditions
4-Pyridinamine 142 | soluble in water stable under Low
(50 mg/ml), 100% recommended
ethanol, methanol | storage conditions
(slightly), alcohoal,
and DMSO (100
mM)
1-Oxidepyridine Low
Methyl sulfonyl methane solubility in water stable under High
(Dimethylsulfone) is 150 g/l ordinary
conditions,
hygroscopic
96* | 2,5-Dimethyl-1H-pyrrole 142 Low
1-Oxidepyridine 142 Low
97 | Fluorobenzene 142 | solubility in water stable under Low
is low ordinary
conditions
Methanesulfonic acid 142 it is soluble in stable Low
water, slightly
soluble in benzene
Phosphabenzene 142 Low
1-Methyl-cyclohexene 142 stable Low
1,2-Dimethylcyclopentene 142 Low
3-Heptanone (2.7% of m/z = 115). | 142 Low
7-oxabicyclo[2.2.1]hept-2-ene 142 Low
2,5-Dimethylfuran 142 | solubility in water | chemically stable | Low
is insoluble
3,4-Dimethylfuran 142 | solubility in water Low
is slightly soluble
(2.5 g/L) (25°C)
2,4-Dimethylfuran 142 | soluble in alcohol Low
water 956.1 mg/L
at (25°C), isoluble
in water
2(1H)-Pyrimidinone 142 Low
1,3-Pentadiene, 142 | water solubility is stable Low
(CH3)2C=CHC(CH3)=CH> 690 mg/L, soluble
in ether, alcohol,
acetone, benzene
trans-Dimethylamino acrylonitrile | 142 Low
3(5),4-Dimethylpyrazole 142 Low
1,4-Dimethylpyrazole 142 Low
1,3-Dimethylpyrazole 142 Low
1,5-Dimethylpyrazole 142 Low
3,5-Dimethyl-1H-pyrazole 142 Low
1,4-Dimethylimidazole 142 Low
1,5-Dimethylimidazole 142 Low
1,2-Dimethyl-1H-imidazole 142 Low
Furan-2-carboxaldehyde (Furfural) solubility in water stable High
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is 83 g/L
98* | 4-NO»-pyrazole 142 Low
2-Fluoropyridine 142 | solubility in water stable under Low
is soluble normal
temperatures and
pressures
3-F-pyridine 142 | solubility in water stable at room Low
is soluble temperature in
closed containers
under normal
storage and
handling
conditions
4-F-pyridine 142 Low
1-Methyl-3-aminopyrazole 142 Low
1-Methyl-5-aminopyrazole 142 Low
N’"-cyano-N,N-dimethyl 142 Low
formamidine
N-2-propenyl-2-propen-1-amine 142 Low
99 | 2,4-Dimethyl-2-pentene 142 Low
3,3'-0xybis-1-Propene 142 | solubility in water Stable Low
(CH2=CHCH?).0 is insoluble
(immiscible)
2-hexenal 145 | solubility in water Low
is almost insoluble
Trans-2-hexenal 3 insoluble in water, stable Low
soluble in alcohol
Trans-2-heptene 3 Low
7-Oxabicyclo[2.2.1]heptane 142 Low
Cyclohexanone 142 | water solubility is stable Low
150 g/L (10 °C)
Cyclohexene oxide 142 | solubility in water stable under Low
is insoluble normal conditions
(soluble in alcohol,
ether and acetone)
2-Methyl-thiophene 142 | solubility in water stable under Low
is slightly soluble normal
temperatures and
pressures
Cis-3-hexenal 3 soluble in alcohol | unstable and tends | Low
to rearrange to the
more stable trans-
2-hexenal
3-Methyl-3-penten-2-one 142 stable Low
4-Methyl-3-Penten-2-one 142 less dense than normally stable, | Low
water and slightly but that may
soluble in water become unstable
at elevated

temperatures and
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pressures
(CH3)2NCOCN 142 Low
4,4-Dimethyl-2-imidazoline 142 Low
(CH3)N-CH=N-(2-propenyl) 142 Low
Methylcyclohexane 3 solubility in water stable Low
is insoluble
3-Hexen-2-one(E) 142 | soluble in alcohol Low
water, 8974 mg/L
at 25°C, insoluble
in water
Heptene solubility in water stable High
is 0.0003% at 25°C
Cyclo-heptane solubility in water stable High
is immiscible,
solubility in
ethanol is miscible
100 | Trifluoro(nitroso)methane 142 stable under Low
normal conditions
Carbonocyanidic acid, | 142 Low
NCCOOC:Hs
2,2,2-Trifluoroethylamine 142 | soluble in water stable under Low
(highly) recommended
storage conditions
N-Methyl-2-pyrrolidone 3 it is completely stable Low
soluble with water
at all temperatures
and is soluble with
most organic
solvents
2-Methylthiazole 142 Low
Cyclohexanamine 142 | solubility in water stable under Low
Is miscible, very normal
soluble in ethanol, temperature
oil conditions and
miscible in ethers, | recommended use
acetone, esters,
alcohol, ketones
1-Methyl-piperidine 142 | soluble in water, stable under Low
alcohol, and ether ordinary
conditions
1-Methyl-2-pyrrolidinone 142 | water solubility is stable, but Low
>100/100 mL at | decomposes upon
20°C exposure to light
(CH3)2NC(CH3)=CHCH3 142 Low
3-Ethoxy pentanenitrile 142 Low
N,N-dimethyl-2-propenamide 142 Low
N-butylidene-ethanamine 142 Low
N,N-2-trimethyl-1-propen-1-amine | 142 Low
Allyl isothiocyanate sparingly soluble in High
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water, very soluble
in benzene, ethyl
ether and
ethanol, miscible
with most organic

101
*

solvents
CF30CH3 142 Low
Cyclobutane carboxylic acid 142 | solubility in water stable at room Low
is very soluble temperature in
closed containers
under normal
storage and
handling
conditions
3-Methyl-2-butenoic acid 142 | soluble in water, Low
and methanol
2-Methyl-2-butenoic acid 142 Low
2-Propenoic acid 142 Low
Eta-penteneoic acid trans-alpha 142 Low
2-methyl-methyl ester 142 Low
Oxepane 142 | water solubility is Low
2680 mg/L in 25°C
Ethenyltrimethyl-silane 142 this material is stable under Low
lighter than water normal
and insoluble in temperatures and
water pressures
3,3-Dimethyl-2-butanone 142 | solubility in water stable under Low
is soluble normal
temperatures and
pressures, volatile
in steam
Hexone (Methyl isobutyl ketone) 150 | solubility in water stable High
is 1.91 g/100 mL
(20°C)
2-Hexanone (Methyl butyl ketone) | 150 | solubility in water stable under High
15 1.4% (14 g/L) ordinary
conditions
3-Hexanone 142 | solubility in water stable, but may Low
is 14.7 g/L form peroxides on
prolonged storage
Cyclopropanecarboxylic acid | 142 | solubility in water stable under Low
methyl ester IS moderate ordinary
conditions
2,2-Dimethyltetrahydrofuran 142 Low
Acetylacetone 142 | solubility in water stable under Low
is 16 g/100 mL ordinary
conditions
2-Aminothiazole 142 | solubility in water stable under Low
is soluble normal

temperatures and
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pressures
(CH3)2N-CH=N-C2Hs 142 Low
(CH3)2N-C(CH3)=NCH3 142 Low
2-Butenoic acid methyl 142 Low
1,2-Dimethyl-pyrazolidine 142 Low
3-hexeb-1-ol 149 Low
Hexanal 149 | solubility in water stable Low
is 4.8 g/L (20°C)
Heptane solubility in water High
is 0.0003% at 25°C
102 | 1-Hexanamine 142 | solubility in water Low
is 12 g/L (20°C),
soluble in
Methanol,
dichloromethane,
acetone, ethanol
N-propyl-1-propanamine 142 | solubility in water stable under Low
is soluble, and ordinaty
soluble in ethanol, conditions
benzene , ethyl
acetate
N,N-dimethyl isobutylamine 142 stable under Low
recommended
storage conditions
N,N-dimethyl-1-butanamine 142 Low
N-(1-methylethyl)-2-propanamine | 142 very soluble in normally stable, | Low
acetone, benzene, even under fire
ether, and ethanol, exposure
in water, 1.1x10° conditions
mg/l at 25°C
(sec-C4Ho)(CHa3)2N 142 Low
N,N-2-trimethyl-2-propanamine 142 Low
Triethylamine 142 | water solubility is stable Low
133 g/L (20°C)
S-methyl thioacrylate High
103 | Formic acid butyl ester 142 | water solubility is stable under Low
slowly decomposes ordinary
conditions
1-Methoxy-2,2-dimethyl-propane 142 Low
Phenylacetylene 142 | water solubility is stable Low
insoluble
Methyl butyrate 3 less dense than stable Low
water and slightly
soluble in water
Acetic acid 1-methylethyl ester 142 less dense than stable under Low
water and slightly | normal laboratory
soluble in water conditions
2-Methyl-propanoic acid methyl | 142 Low

ester
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n-Propyl acetate 142 | solubility in water | normally stable, | Low
is18.9 g/L even under fire
exposure
conditions
Dipropyl ether 3 | solubility in water Low
is 3 g/L (20°C)
di-n-Propyl ether 142 less dense than normally stable, | Low
water and slightly but that may
soluble in water become unstable
at elevated
temperatures and
pressures and
materials
Tetrahydro-2H-thiopyran 142 Low
Diisopropyl ether 142 | solubility in water stable Low
is 2 g/L at 20°C
2-Ethoxy-2-methyl-propane 142 | solubility in water stable under Low
is1.2 g/100 g normal conditions
4-Cl-pyrazole 142 Low
cis-1,2-Cyclopentanediol 142 stable Low
2-Imidazolidinethione 142 | soluble in ethanol; stable Low
slightly soluble in
dimethyl sulfoxide;
insoluble in ethyl
ether, benzene,
chloroform
(CH3)>2N-CH=N-OCHjs 142 Low
N,N-N",N"- 142 Low
tetramethylmethanediamine
1,5-Diaminopentane 142 | solubility in water stable under Low
is very soluble normal
temperatures and
pressures
N,N-dimethyl-1,3-propanediamine | 142 | solubility in water stable under Low
is soluble ordinary
conditions
Butanoic acid methyl ester 142 Low
Ketone acetate Low
Isovaleric acid solubility in water stable under High
is (25 g/l), (Soluble ordinary
in alcohol, conditions
chloroform and
ether)
Acetoacetic acid soluble in water, stable High
alcohol, and ether
104 | Benzonitrile 142 | solubility in water stable High
is <0.5 g/100 ml
(22 °C)
t-Butyl nitrite, (CH3)sCONO 142 | solubility in water stable under Low

is slightly soluble

normal
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temperatures and
pressures
Isocyano-benzene 142 Low
(CHz3)22NCOOCHj3 142 Low
N-Methylurethane, 142 very soluble in stable if stored Low
CH3NHCOOCzHs water, under proper
soluble in alcohol conditions
Dimethyl thioacetamide 142 Low
N-(2-aminoethyl)-1,2- 142 Low
Ethanediamine
105 | 2,2-Dimethyl-1-propanethiol 142 Low
Styrene 142 | solubility in water stable High
is 0.03% (20°C)
C2Hs0COOCHs3 142 Low
Thioacetic acid o-ethyl ester 142 Low
0-Xylylene 142 stable Low
2-Pyridinecarbonitrile 142 | solubility in water stable Low
is partly miscible
3-Pyridinecarbonitrile 142 | soluble in water, stable under Low
alcohol, benzene, normal
ether, hot petrol temperature and
ether pressure
4-Pyridinecarbonitrile 142 | solubility in water stable under Low
is 40 g/l ordinary
conditions
1,3-Dimethoxypropane 142 Low
3,6-bis(Methylene)-1,4- 142 Low
Cyclohexadiene
N,N”"dimethyl-thiourea 142 | solubility in water stable under Low
is slightly soluble ordinary
conditions,
hygroscopic
Hydroxybutyric acid High
106 | CeHsCH=NH 142 Low
* | 4-Ethenyl-pyridine 142 | soluble in water, | reactive, inhibitor | Low
soluble in dilute prevents
acids, alcohol, polymerization
hydrocarbons,
esters, ketones.
2,3-Cyclobutenopyridine 142 Low
3,4-Cyclobutenopyridine 142 Low
Diethanolamine 142 miscible with stable at usual use | Low
water, methanol, temperatures
acetone, ethanol,
chloroform and
glycerine
Possibly from Teflon in the PTR- | 143 Low
MS
Serine solubility in water High
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is soluble
Cyanogen bromide 142 | solubility in water stable under Low
is reacts recommended
storage conditions
107 | Ethylbenzene 142 | solubility in water stable High
is 0.015 ¢/100 mL
(20°C)
Xylenes 150 | solubility in water normally stable | High
at 25°C is 106 even under fire
mg/L, miscible exposure
with alcohol and conditions
ether
m-Xylene 3 solubility in water normally stable Low
at 25°C is 161 even under fire
mg/L, miscible exposure
with alcohol, ether, conditions
and other solvents
0-Xylene 3 | solubility in water normally stable Low
at 25°C is 178 even under fire
mg/L, Miscible exposure
with alcohol and conditions
ether
p-Xylene 142 | solubility in water normally stable Low
at 25°C is 162 even under fire
mg/L, soluble in exposure
alcohol, ether, and conditions
other organic
solvents
1,2-Dimethyl-benzene (Xylene) 142 stable Low
1,3-Dimethyl-benzene (m-Xylene) | 142 Low
Benzaldehyde 142 | solubility in water stable High
is 0.3 g/100 mL
(20°C), soluble in
liquid ammonia
Methy! dithioacetate 142 Low
HOCH,CH(OH)CH.CH>OH 142 Low
Tropone, 142 Low
2,4,6-Cycloheptatrien-1-one
4-Methylene-2,5-cyclohexadiene- | 142 Low
1-one
108 | CICON(CHa)2 142 Low
Nitroso-benzene 142 | solubility in water stable Low
is low, soluble in
organic solvents
2-Me-phenoxy 142 Low
3-Me-phenoxy 142 Low
4-Me-phenoxy 142 Low
2-OH-benzyl 142 Low
3-OH-benzyl 142 Low
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4-OH-benzyl 142 Low
2-Methyl-benzenamine (O- | 142 | solubility in water Low
toluidine) is 1.5 g/100 mL
(25°C)
3-Methyl-benzenamine 142 | soluble alcohol, Low
ether acid and
slightly soluble in
water
Benzylamine 142 | solubility in water stable Low
is miscible,
miscible in ethanol,
diethyl ether, very
soluble in acetone,
soluble in benzene,
chloroform
O-toluidine (2-Methyl- | 3 | solubility in water Low
benzenamine) is 1.5 g/100 mL
(25°C)
p-Toluidine 142 | water solubility is stable Low
1.1 g/100 mL
4-Pyridinecarboxaldehyde 142 | water solubility is Low
20 g/L (20°C)
N-methyl-aniline 142 | solubility in water stability Low
is insoluble combustible
(1s0-CsH11)sN 142 Low
2,5-Dimethyl-pyridine 142 Low
2,3-Dimethyl-pyridine 142 | solubility in water stable under Low
is 95 g/L normal
temperatures and
pressures
3-Ethylpyridine, 3-(C2Hs)-pyridine | 142 | solubility in water stable under Low
is soluble normal
temperatures and
pressures
2,4-Dimethyl-pyridine 142 Low
4-Ethylpyridine, 4-(CoHs)-pyridine | 142 | solubility in water stable under Low
is slightly soluble normal
temperatures and
pressures
2-Ethylpyridine, 2-(CoHs)-pyridine | 142 | solubility in water stable under Low
is 30 g/L normal
temperatures and
pressures
3,5-Dimethyl-pyridine 142 | solubility in water stable under Low
is 33 g/L (20°C) normal
temperatures and
pressures
2,6-Dimethyl-pyridine 142 | solubility in water stable under Low
is 400 g/L normal

temperatures and

159




Appendices

pressures
0-Xylene (isotope) 141 Low
109 | Carbonochloridic acid ethyl ester 142 Low
Benzyl alcohol 142 | solubility in water stable under Low
is 1g/25ml water at ordinary
17°C conditions of use
and storage
p-Benzoquinone 142 | solubility in water | stable, but light | Low
is slightly soluble, sensitive
soluble in
petroleum ether;
soluble in acetone;
very soluble in
ethanol, benzene,
diethyl ether
Bicyclo[2.2.1]hept-2-en-7-one 142 Low
Methoxy-benzene 142 solubility is stable Low
insoluble
2-Methyl-bicyclo[2.2.1]hept-2-ene | 142 Low
Bicyclo[2.2.1]hept-2-en-5-one 142 Low
2-Methylenebicyclo[2.2.1]- 142 Low
heptanes
1,2-Benzenediamine 142 | soluble in water, normally stable, Low
ethyl ether, even under fire
benzene, exposure
chloroform; very conditions
soluble in ethanol
1,4-Benzenediamine 142 | solubility in water, oxidizes on Low
9/100ml at 25°C exposure to air
1,3-Benzenediamine 142 | soluble in water, unstable in air Low
2.38x10° mg/l at
20°C
1,1"-Ethenylidenebis-cyclopropane | 142 Low
Water hexamer (H2O)sH* 120 Low
Bis-(methylthio)methane solubility in water stable at room High
is immiscible temperature in
closed containers
under normal
storage and
handling
conditions
3-mercaptopropane-1,2-diol soluble in water is stable under High
slightly soluble recommended
transport or
storage conditions
110 | Cyclohexanecarbonitrile 142 stable under Low
normal conditions
3-Fluorobenzyl radical 142 Low
3-Amino-phenol 142 | freely soluble in normally stable, Low
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amyl alcohol and
hot water, soluble
in 40 parts cold

water, very slightly

soluble in
petroleum ether

even under fire
conditions

2-Amino-phenol 142 | soluble in water normally stable, | Low
even under fire
conditions
1-Methyl-2(1H)-pyridinone 142 | solubility in water stable at room Low
is very soluble temperature in
closed containers
under normal
storage and
handling
conditions
2-Methoxy-pyridine 142 | solubility in water stable under Low
is slightly soluble normal
temperatures and
pressures
1-Oxide 3-methyl-pyridine 142 | water solubility is stable under Low
soluble normal
temperatures and
pressures
3-Methoxy-pyridine 142 Low
4-Methoxy-pyridine 142 Low
1-Azabicyclo[2.2.2]oct-2-ene 142 Low
Dimethyl selenide solubility in water stable High
IS 24.4 mg/g water
111 | 1-Fluoro-4-methyl-benzene 142 Low
* | 1-Fluoro-2-methyl-benzene 142 Low
1-Fluoro-3-methyl-benzene 142 | solubility in water Low
is insoluble
Norbornan-7-one 142 Low
2-Norbornanone 142 soluble in stable if stored Low
methanol, insoluble under proper
in water conditions
(CH3)2C=C(CH3)C(CHz3)=CH> 142 Low
1-Carbonitrile-piperidine 142 Low
Dicyclopropyl-methanone 142 | solubility in water stable under Low
is soluble normal
temperatures and
pressures
Phosphonic acid dimethyl ester 142 Low
4-Cyanopiperidine 142 soluble in stable under Low
chloroform normal conditions
3,4,5-Trimethylpyrazole 142 Low
1,3,5-Trimethylpyrazole 142 | solubility in water Low

is soluble
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(CHz3)2N-CH=N-(2-propynyl) 142 Low
Thiophenol solubility in water stable High
is 0.08% in water
at 25°C, soluble in
most organic
solvents; agueous
base
112 | 3-Fluoro-benzenamine 142 Low
p-Fluoroaniline 142 | solubility in water stable under Low
is soluble normal conditions
exo-2-Aminonorbornane 142 stable under Low
normal conditions
endo-2-Aminonorbornane 142 Low
(CH3)>2N-CH=N-CH,CN 142 Low
4-Amino-2(1H)-pyrimidinone 142 | solubility in water stable Low
is soluble
Histamine 142 | solubility in water stable Low
is easily soluble in
cold water, hot
water, Solubility in
other solvents is
easily soluble in
methanol. Very
slightly soluble in
diethyl ether, easily
soluble in ethanol
113 | 1,1,1-Trifluoro-2-propanone 142 | solubility in water stable Low
* is soluble
Chloro-benzene 142 | solubility in water stable Low
is 0.5 g "t in water
at 20°C, soluble in
most organic
solvents
1,4-Cyclohexanedione 142 | solubility in water stable under Low
is very soluble normal
temperatures and
pressures
4-Methyl-cyclohexanone 142 | solubility in water stable under Low
is slightly soluble normal
temperatures and
pressures
Cyclooctane 3 | solubility in water stable High
is 7.90 mg/L
Cycloheptanone 142 | solubility in water stable under Low
is insoluble normal
temperatures and
pressures
c-Hexane-1,2-dione 142 Low
1,3-Cyclohexanedione 142 | soluble in alcohol, stable under Low

chloroform

ordinary
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conditions
Triethylenediamine 142 | water solubility is stable, but very Low
46 g/100 mL hygroscopic
(26°C)
Tetrahydro-1H5H-pyrazolo 142 Low
[12-a]pyrazole 142 Low
(CH3)2N-CH=N—(c-propyl) 142 Low
1-octene 149 | water solubility is | stable at normal | High
insoluble temperatures and
pressure
114 | 1,1,1-Trifluorotrimethylamine 142 Low
3(5)-Nitropyrazole 142 Low
CF3CH2NHCH3 142 stable under Low
normal conditions
3,3,3-Trifluoro-propylamine 142 Low
3-Fluoro-pyridine-1-oxide 142 Low
3-Chloro-pyridine 142 Low
2-Chloro-pyridine 142 | solubility in water stable under Low
is 10-50 mg/ml normal
temperatures and
pressures
N,N,2-trimethyl-2-propenamide 142 Low
4-Chloropyridine 142 Low
1-Methyl-2-piperidinone 142 Low
Cc-CeH11CH2NH:> 142 Low
Acetylpyrrolidine 142 Low
N,N-dimethyl-butenamide 142 Low
(CH3)2NC(C2Hs)=CHCHjs 142 Low
Possibly from Teflon in the PTR- | 143 Low
MS
Chlorobenzene (isotope) 141 Low
115 | 3-Heptanone (main fragment) 142 | solubility in water stable Low
is 1% (20°C)
Heptanal 149 | solubility in water Low
is slightly soluble
4-Heptanone 142 | water solubility is stable under Low
4.6 g/L (20°C) ordinary
conditions
2,4-Dimethyl-3-pentanone 142 | solubility in water stable under Low
is slightly soluble normal
temperatures and
pressures
Trifluoro-acetic acid 142 | solubility in water stable Low
IS miscible
1,4-Difluoro-benzene 142 | solubility in water stable under Low
is slightly soluble normal
temperatures and
pressures
1,2-Difluoro-benzene 142 | solubility in water stable Low

163




Appendices

is 1.14e+004 mg/L
(25°C)
2,2,2-Trifluoroethyl methyl ether 142 Low
1,3-Difluoro-benzene 142 | solubility in water stable under Low
is slightly soluble normal
temperatures and
pressures
Carbonothioic dichloride 142 slow stable Low
decomposition in
cold, fast in hot
water
Cyclohexanemethanol 142 | solubility in water stable under Low
is slightly soluble normal
temperatures and
pressures
Cyclopentane carboxylic acid 142 | solubility in water stable at room Low
is very soluble temperature in
closed containers
under normal
storage and
handling
conditions
1-Methoxycyclohexane 142 stable under Low
normal conditions
CH3COCH2CH2COCHs3 142 soluble stable Low
1,3-Dimethyl-2-imidazolidinone 142 | water solubility is stable Low
freely soluble
Hexahydro-1,2-dimethyl- 142 Low
pyridazine
(CHz3)2N—-CH=N-(n-propyl) 142 Low
(CHz3)2N-CH=N-(1-methylethyl) 142 Low
(CH3)2N-C(CH3)=NC2Hs 142 Low
Chlorobenzene (isotope) 141 Low
2-heptanone 149 | solubility in water stable under Low
is 0.4% by wt ordinary
conditions
Octane solubility in water High
is 0.007 mg dm3
(at 20°C)
Furan-2-ylmethanethiol solubility in water stable under High
is insoluble, normal conditions
solubility in other
solvents is slightly
soluble in
chloroform
116 | 3-Heptanone (7.8% of m/z = 115) 142 Low
* | N,N-Dimethylbutyramide 142 | solubility in water stable under Low
is very soluble normal conditions
(110 g/L) (25°C)
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1-Heptanamine 142 Low
N,N-diethylacetamide 142 | solubility in water stable under Low
is miscible ordinary
conditions
C-CsH10N(2-OCHs) 142 Low
(CH3)3CCH2N(CHs)2 142 Low
N,N-Diethyl-1-propanamine 142 Low
(t-CsH11)(CHs)2N 142 Low
(i-C3H7)N(CzHb): 142 Low
N,N,N",N"-tetramethyl- 142 Low
methanehydrazonamide
Proline solubility is High
1.59/100g ethanol
19°C
117 | 4-Hydroxy-4-methylpentan-2-on 142 | solubility in water stable Low
* is miscible
trans-1,3-Cyclohexanol 142 Low
3-Methylphenylacetylene 142 | solubility in water stable under Low
is immiscible normal conditions
2,2-Dimethyl-propanoic acid | 142 | solubility in water stable under Low
methyl ester is insoluble normal
temperatures and
pressures
Indene 142 | solubility in water | stable, butairand | Low
is insoluble light sensitive
1-Ethynyl-4-methyl-benzene 142 nonsoluble in stable under Low
water, fully normal
miscible with temperature and
toluene, soluble in pressure
ethanol, acetone,
dichloromethane ,
hexane
2-Methyl-2-(1-methylethoxy)- 142 soluble in stable under Low
Propane chloroform normal conditions
cis-1,3-Cyclohexandiol 142 Low
Tetramethyl-urea 142 miscible with stable Low
water, petroleum
ether, all common
solvents
N,N’-diethyl-N, 142 Low
N’"-dimethylhydrazine
Propyltrimethylhydrazine 142 Low
(CH2)sPCH;s 142 Low
1,6-Hexanediamine 142 | solubility in water | stableinairbut | Low
is490¢g L combustible
N,N,N",N"-tetramethyl- 142 | solubility in water stable Low
1,2-ethanediamine is 10 mg/mL at
20°C
118 | Benzeneacetonitrile 142 | water solubility is stable Low
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* insoluble
(CH3)2NCOOC,Hs 142 Low
4-H—CeH4—CCH 142 Low
Indole (2,3 benzopyrrole), (Ketole), | 142 | solubility in water stable High
(1-benzazole) is 0.19 g/100 ml
(20°C), soluble in
hot water
NH2(CH2)sOH 142 Low
(CHs3)3SiN(CHa)2 142 Low
Valine solubility in water High
is soluble
119 | 1-Propenyl-(e)-benzene 142 Low
Cyclopropyl-benzene 142 Low
1-Phenylpropene 142 | solubility in water stable Low
is g/100ml at 25°C
3-Amino-benzonitrile 142 | solubility in water stable under Low
is slightly soluble ordinary
conditions
1-Ethenyl-3-methyl-benzene 142 Low
1-Ethenyl-2-methyl-benzene 142 Low
1-Ethenyl-4-methyl-benzene 142 Low
1,1"-Thiobis-propane 142 | water solubility is stable at room Low
unsoluble temperature in
closed containers
under normal
storage and
handling
conditions
Methylstyrene 142 Low
Diisopropyl sulfide 142 Low
1H-indazole 142 Low
CH30(CH2)s0OCHj3 142 Low
1H-pyrrolo[2,3-b]pyridine 142 | solubility in water stable under Low
is very soluble normal
temperatures and
pressures
Imidazo[1,2-a]pyridine 142 Low
1H-benzimidazole 142 | water solubility is stable Low
2.01x10" mg/l at
30°C
Triethyl-phosphine 142 | itis slightly soluble stable under Low
in cold water and ordinary
soluble in alcohol conditions
120 | Azido-benzene 142 Low
* | 2-Phenyl-2-propyl radical 142 Low
CeHs(CHC2Hs) radical 142 Low
Benzoxazole 142 | solubility in water stable Low
is insoluble
CH3OC(S)N(CHz3) 142 Low
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1-Phenyl-aziridine 142 Low
6,7-Dihydro-5H-1-pyrindine 142 Low
6,7-Dihydro-5H-2-pyrindine 142 stable under Low
normal conditions
2,3-Dihydro-1H-indole 142 Low
Possibly from Teflon in the PTR- | 143 Low
MS
Threonine solubility in water stable High
is (H20, g/dl)
10.6(30°C),
14.1(52°C),
19.0(61°C)
121 | Propyl-benzene 142 | insoluble in water normally stable, | Low
* and less dense than | even under fire
water exposure
conditions
(1-Methylethyl)-benzene 142 | solubility in water stable, but may Low
is negligible, form peroxides in
soluble in acetone, storage if in
ether, ethanol contact with the
air
2,6,7-Trioxa-1- 142 Low
phosphabicyclo[2.2.1]heptane
3-FCsH4CCH 142 stable under Low
normal conditions
4-FCe¢H4CCH 142 Low
1-Phenylethanone (Acetophenone) 3 | solubility in water stable Low
is 5.5 g/L at 25°C,
12.2 g/L at 80°C
C2HsS(OCH3)CO 142 Low
1,3,5-Trimethylbenzene 142 | solubility in water stable under Low
is 20 mg/L normal
temperatures and
pressures
3-CH3CsH4CHO 142 Low
4-Methyl-benzaldehyde 142 | solubility in water stable under High
(Tolualdehyde) is slightly soluble ordinary
conditions
Acetophenone (1-Phenylethanone) | 142 | solubility in water stable Low
is 5.5 g/L at 25°C,
12.2 g/L at 80°C
1-Oxide 4-pyridinecarbonitrile 142 | water solubility is stable under Low
3.46E+05 mg/L | normal conditions
25°C
1-Oxide 3-pyridinecarbonitrile 142 Low
9H-purine 142 | solubility in water stable under Low
is 400 g/L normal
temperatures and
pressures

167




Appendices

1-(Dimethylthio)ethane 142 Low
3-Methyl-thiopropionate 146 | soluble in alcohol, stable in most Low
water slightly, media
158.7 mg/L at
25°C, insoluble in
water
2-mercapto-pyruvate 146 Low
122 | Benzamide 142 | water solubility is stable Low
* 1.35 g/100 mL
(20°C)
3-C2Hs5CeHaNH2 142 Low
2,6-Dimethyl-benzenamine 142 | do not dissolve in Low
water, soluble in
ethanol, ether and
diluted
hydrochloric acid
4-Aminobenzenecarbonal 142 Low
1-(4-pyridinyl)-ethanone 142 Low
1-(3-pyridinyl)-ethanone 142 | solubility in water stable under Low
is soluble in hot ordinary
water conditions
n-Ethyl-benzenamine 142 | insoluble in water | normally stable, | Low
even under fire
exposure
conditions
Benzeneethanamine 142 Low
OP(N(CH3)2)(CHa)z2 142 Low
N,N-dimethyl-benzenamine 142 | solubility in water stable under Low
is 1,454 mg/L at recommended
25°C storage conditions
4-(i-C3H7)-CsH4N 142 Low
2-(C3Hy)-pyridine 142 Low
2-(i-C3H7)-pyridine 142 stable under Low
normal conditions
Cysteine solubility in water stable High
is soluble,
1.59/100g ethanol
19°C
123 | (Methoxymethyl)-benzene 142 Low
Benzoic acid 142 | slightly soluble in stable under Low
water, soluble in normal
alcohol, benzene, | temperatures and
ether pressures
Carbonodithioic acid O, S-dimethyl | 142 Low
ester
2-Methoxy-1,3,2- 142 Low
Dioxaphospholane
Niacinamide 142 | freely soluble in stable Low
water and in
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ethanol
N,N-dimethyl-2-pyridinamine 142 | solubility in water stable under Low
is soluble normal
temperatures and
pressures
N,N-dimethyl-3-pyridinamine 142 Low
N,N-dimethyl-4-pyridinamine 142 | water solubility is stable Low
76 g/L (25°C),
solubility methanol
is 50 mg/mL
Phenethyl alcohol 149 | slightly soluble in stable under Low
water (2 mL/100 ordinary
mL H.0) conditions
4-ethylphenol solubility in water stable under High
is slightly soluble normal
temperatures and
pressures
124 | Nitro-benzene 142 | solubility in water stable Low
is 0.19 g/100 ml at
20°C
CF2,HCON(CHa): 142 Low
4-Methoxy-benzenamine 142 Low
2-Methoxy-benzenamine 142 Low
3-Methoxy-benzenamine 142 | soluble alcohol, stable Low
ether, benzene and
acid and water-
soluble
2-(CH30OCH_2)-pyridine 142 Low
3-Methylene 1-azabicyclo 142 stable under Low
[2.2.2]octane normal conditions
125 | O(CH2CH.CN). 142 Low
3-FCeH4sCHO 142 Low
4-Fluorobenzaldehyde 142 | solubility in water stable under Low
is slightly soluble ordinary
conditions
5,5-Dimethyl-2-cyclohexenone 142 Low
(Methylthio)-benzene 142 | solubility in water stable under Low
is 506 mg/l at ordinary
25°C, soluble in conditions
most common
organic solvents
4-Nitropyridine 142 Low
2,3,4,5-Tetramethylfuran 142 Low
3(5)-t-butylpyrazole 142 Low
Phosphorous acid trimethyl ester 142 | solubility in water stable under Low
is good ordinary
conditions
N-butylpyrazole 142 Low
2,6-Dimethyl-4H-Pyran-4-one 142 | solubility in water stable under Low
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is slightly soluble normal
temperatures and
pressures
1-t-Butylimidazole 142 Low
1-Diazabicyclo[4.3.0]non-5-ene 142 Low
Guaiacol 149 | water solubility is | stable, butairand | Low
17 g/L (15°C) light sensitive
126 | 2-Bromo-ethanol 142 | water solubility is stable, but Low
* 1-5g/100 mL at probably light
19°C sensitive
1-Azabicyclo[2.2.2]octan-3-one 142 | solubility in water stable under Low
is soluble normal conditions
2-(Methylthio)-pyridine 142 Low
3-(Methylthio)-pyridine 142 | solubility in water Low
is slightly soluble
(7.4 g/L) (25°C)
4-(Methylthio)-pyridine 142 Low
(CH3)2N-CH=N-CH,CH,CN 142 Low
4-Methyl-1- 142 Low
azabicyclo[2.2.2]octane
1,4,4-(CHs)s-1,2,3,4- 142 Low
Tetrahydropyridine
3-Methyl l-azabicyclo[2.2.2]- | 142 Low
octane
2-Methyl l-azabicyclo[2.2.2]- | 142 Low
octane
Taurine solubility in water stable High
is (50 mg/ml)
127 | 1-Chloro-4-methyl-benzene 142 practically stable under Low
insoluble in water, ordinary
soluble in non- conditions
polar solvents such
as aromatic
hydrocarbons
1-Chloro-2-methyl-benzene 142 practically Low
insoluble in water,
soluble in non-
polar solvents such
as aromatic
hydrocarbons
1-Chloro-3-methyl-benzene 142 practically Low
insoluble in water,
soluble in non-
polar solvents such
as aromatic
hydrocarbons
c-CsH11COCH3 142 Low
Cyclooctanone 142 | solubility in water stable under Low
is 15g/L (20°C), | normal conditions
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solubility in other
solvents, soluble in
alcohol, acetone
and benzene

(c-CsHs)2CS 142 Low
3-Amino-1-azabicyclo[2.2.2]octane | 142 Low
2-Methyl-1,2- 142 Low
diazabicyclo[2.2.2]octane
2,3-Dimethyl-2,3- 142 Low
diazabicyclo[2.2.1]heptane
(CHz3)2N-C(CH3s)=N(c-CsHs) 142 Low
Nonene poor water stable High
solubility
Cyclononane High
128 | 1-Methyl-3-nitropyrazole 142 Low
* | 1-Methyl-5-nitropyrazole 142 Low
m-Chloroaniline 142 | solubility in water stable under Low
is soluble, most ordinary
organic solvents, conditions
carbon
tetrachloride
(miscible)
p-Chloroaniline 142 soluble in hot stable under Low
water, soluble in ordinary
ether, carbon conditions
disulfide, organic
solvents, alcohol
1-Methyl-5-nitroimidizole 142 Low
Dimethyl(2,2-difluoroethyl)amine | 142 Low
4,4, 4-Trifluorobutylamine 142 stable under Low
recommended
transport or
storage conditions
2-Cl-4-(CHjs)-pyridine 142 Low
2-CI-6-(CHa)-pyridine 142 Low
N,3,5-trimethylpiperidine 142 Low
1,4,4-Trimethylpiperidine 142 Low
N,N-dimethyl-cyclohexanamine 142 | partially soluble in Low
water, miscible
with alcohol,
benzene, acetone
129 | CF3C(O)OCH3s 142 Low
2,2,2-Trifluoroethyl formate 142 | solubility is soluble stable Low
in organics (Et20,
THF, MTBE)
Ethyl 2,2,2-trifluoroethyl ether 142 Low
1,4-Benzenedicarbonitrile 142 | solubility in water stable under Low

is soluble

normal
temperatures and
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pressures
1,3-Benzenedicarbonitrile 142 | solubility in water stable under Low
is slightly soluble, ordinary
soluble in benzene, conditions
ether, hot alcohol,
chloroform
Naphthalene 142 | solubility in water stable High
is 3mg/100mL at
room temperature,
solubility in
methanol/ethanol is
7.79/100mL, very
soluble in ether
Cyclohexanecarboxylic acid 142 | water solubility is Low
0.201 g/100 mL
(15°C)
CsH11CH,OCH3 142 Low
2,2,4-Trimethyl-3-pentanone 142 stable Low
Azulene 142 | solubility in water stable Low
is 0.02 g/l
Hexahydro-1,2-dimethyl 142 Low
1H-1,2-diazepine 142 Low
(CH3)2N-CH=N-(n-butyl) 142 Low
(CHz3)2N-CH=N-(2-methylpropyl) | 142 Low
(CHz3)2N-CH=N-(1-methylpropyl) | 142 Low
(CH3)2N-CH=N(t-C4H9) 142 Low
(CH3)2N-C(CH3)=N(n-C3H7) 142 Low
(CHz3)2N-C(CH3)=N(i-C3H7) 142 Low
Nonane solubility in water stable High
is g/100ml at 25°C:
0.00002 (very
poor)
130 | 3-Chloro-pyridine-1-oxide 142 Low
* | 1-Octanamine 142 | solubility in water stable under Low
is 0.2 g/l (25°C) | normal conditions
Isoquinoline 142 | low solubility in stable Low
water but dissolve
well in ethanol,
acetone, diethyl
ether, carbon
disulfide, and other
common organic
solvents
Quinoline 142 | solubility in water stable Low
is slightly soluble,
soluble in alcohol,
ether, and carbon
disulfide
2-Methyl-N-(2-methylpropyl)-1- 142 | solubility in water stable under Low
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Propanamine is 5 G/L (20°C) normal conditions
n-Butyl-1-butanamine 142 Low
N-(1-methylpropyl)-2-butanamine | 142 | solubility in water stable under Low
is slightly soluble ordinary
(7 g/), miscible conditions
with common
organic solvents
(t-CsHo)2NH 142 Low
(1-C3H7)2(C2Hs)N 142 Low
Octylamine water solubility is stable High
0.2 g/L (25°C)
131 | c-CeH11.CHSH 142 Low
* | n-Butyl ether 142 Low
5-(CH3)2-CsH3—CCHs 142 Low
Heptamethylenesulfide 142 Low
c-CeH11SCH3 142 Low
di-sec-butyl ether 142 Low
di-tert-butyl ether 142 stable Low
Quinoxaline 142 | water solubility is stable Low
soluble
CH3C(OCH3)=CHCOOCHs 142 Low
CH>=(CH3)OSi(CHz3)3 142 Low
Cinnoline 142 stable Low
tert-Butyl trimethylhydrazine 142 Low
Butyltrimethylhydrazine 142 Low
1,7-Diaminoheptane 142 | water solubility is stable Low
soluble
(CH3)2N-CH=N-(2-methoxyethyl) | 142 Low
N,N, N, N"-tetramethyl-1, 142 | solubility in water stable under Low
3-propanediamine is very soluble normal
temperatures and
pressures
1-Octanol solubility in water stable High
is 0.460 g/liter
132 | 4-Formyl-benzonitrile 142 | solubility in water stable under Low
is insoluble, normal conditions
solubility in other
solvents is soluble
in acetone,
methylene chloride
CH3CONHCH,>COOCHj3 142 Low
N,N-di-2-propynyl-2-propyn-1- 142 stable under Low
amine normal conditions
Dimethyl(trimethylsilylmethyl)ami | 142 Low
ne
NH2(CH2)sNH(CH2)3sNH; 142 Low
Skatole insoluble in water, | stable, but light- | High
soluble in alcohol sensistive
and benzene
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128

1,2,3-Trifluorobenzene 142 soluble in most stable Low
organic solvents
1,2,4-Trifluorobenzene 142 | solubility in water stable at room Low
is insoluble temperature in
closed containers
under normal
storage and
handling
conditions
1,3,5-Trifluorobenzene 142 | solubility in water stable at room Low
is insoluble temperature in
closed containers
under normal
storage and
handling
conditions
(C2H5)3sSiOH 142 Low
1-Cyclopropyl-3-methyl-benzene 142 stable under Low
normal conditions
1-Cyclopropyl-2-methyl-benzene 142 Low
1-Cyclopropyl-4-methyl-benzene 142 Low
1-Methyl-2-(1-methylethenyl)- 142 Low
Benzene
2-Methylbenzofuran 142 | solubility in water stable Low
(g/L) is partly
miscible
1-Methyl-3-(1-methylethenyl) 142 stable under Low
benzene normal conditions
3-CH3CsH4C(CH3)=CH> 142 Low
4-CH3CsH4C(CH3)CH> 142 Low
4-CH30-CgH4—CCH 142 Low
1-Methylindazole 142 Low
CH30(CH2)sOCHj3 142 Low
2-Methyl-2H-indazole 142 Low
Tetramethyl-thiourea 142 | water solubility is stable Low
5,400 mg/I, soluble
in water and
alcohol
1-Methylbenzimidazole 142 | solubility is soluble Low
in methanol
(n-C3H7)2(CHs)P 142 Low
5-Methylimidazo(1,2-a)pyridine 142 Low
2-Methylimidazo(1,2-a)pyridine 142 Low
7-Methylimidazo(1,2-a)pyridine 142 stable under Low
normal conditions
Ornithine solubility in water stable High
is soluble, soluble
in ethanol
Cinnamaldehyde solubility in water stable under High
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is insoluble normal
temperatures and
pressures
134 | 2-Methyl-2H-benzotriazole 142 Low
Aspartic acid 142 | solubility in water stable under Low
is4.5¢g/L ordinary
conditions
4-HoNCsH4C(CH3)=CH> 142 Low
1-Methylbenzotriazole 142 | soluble in benzene Low
and petroleum
ether
N-phenylazetidine 142 stable forafew | Low
months
5,6,7,8-Tetrahydro-quinoline 142 | slightly soluble in stable under Low
water, soluble ordinary
alcohol, ether, conditions
carbon disulfide
and readily in
many organic
solvents
5,6,7,8-Tetrahydro-isoquinoline 142 stable if stored Low
under proper
conditions
Oxindole solubility in water stable under High
is insoluble normal
temperatures and
pressures
135 | Butyl-benzene 142 | water solubility is stable Low
* insoluble
Methyltrioxaphosphabicycloheptan | 142 Low
e
Benzyl methyl ketone 142 | water solubility is stable Low
insoluble
1,2,3,5-tetramethyl-benzene 142 Low
((CH3)2SiH).0 142 Low
1-Phenyl-1-propanone 142 stable Low
1-(3-Methylphenyl)-ethanone 142 Low
2,6,7-Trioxa-1- 142 Low
phosphabicyclo[2.2.2]octane
1-(4-Methylphenyl)-ethanone 142 | solubility in water Low
is slightly soluble
1,1'-Oxybis(2-methoxyethane) 142 | solubility in water stable under Low
is0.4 g/L, normal conditions
solubility in other
solvents is miscible
with alcohol, ether,
hydrocarbon
(CoHs)3PO 142 Low
6-Methyl-1H-purine 142 Low
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p-cymene 149 | solubility in water Low
IS 23.4 mg/L
Durene High
136 | 4-Methyl-benzamide 142 Low
* | m-Toluamide 142 Low
4”-Amino-acetophenone 142 | solubility in water stable under Low
is soluble in hot ordinary
water conditions
N-ethyl-N-methylaniline 142 Low
N,N,3-trimethyl-benzenamine 142 stable under Low
normal
temperature and
pressure
conditions
Adenine 142 | solubility in water stable Low
is 0.103 g/100 mL,
negligible in
ethanol
N,N,4-trimethyl-benzenamine 142 Low
N,N,2-trimethyl-benzenamine 142 stable under Low
normal
temperature and
pressure
conditions
4-(1,1-Dimethylethyl)-pyridine 142 Low
2-(t-C4Ho)-pyridine 142 Low
N,N,dimethylbenzenemethanamine | 142 | solubility in water stable under Low
is 8 g/L (20°C), normal conditions
solubility in other
solvents is soluble
in alcohol, acetone,
ether and toluene,
reacts with organic
and inorganic acids
2,6-(C2Hs)2-pyridine 142 Low
Homocysteine solubility in water High
is soluble
137 | Isoprene (1.6% of m/z 69) 142 Low
3-CICsH4CCH 142 Low
3-Methylbenzoic acid 142 | solubility in water stable under Low
is very soluble normal
temperatures and
pressures
1-Chloro-4-ethynyl-benzene 142 stable under Low
normal conditions
4-Methyl-benzoic acid 142 | solubility in water stable under Low
is slightly soluble ordinary
conditions
2-Methyl-benzoic acid 142 soluble stable under Low
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normal
temperatures and
pressures
3-FCsH4C(CH3)=CH:> 142 Low
3-Methoxy-benzaldehyde 142 practically Low
insoluble in water,
soluble in ethanol
and ether
Benzoic acid methyl ester 142 | water solubility is | stable, even under | Low
157 mg/l at 30°C, fire exposure
miscible with conditions
alcohol, ether,
methanol
4-FCeH4C(CH3)=CH> 142 Low
1-(3-hydroxyphenyl)-ethanone 142 | solubility in water stable under Low
is slightly soluble normal
temperatures and
pressures
CH,>=C(CH3)-SeCH3 142 Low
4-Methoxy-benzaldehyde 142 practically Low
insoluble in water,
soluble in ethanol
and ether
4”-Hydroxy-acetophenone 142 | solubility in water stable under Low
is Soluble (soluble ordinary
alcohol and ether) conditions
3-NH>—CegH4sCONH> 142 Low
1,5,5-Trimethyl-3- 142 Low
Methylenecyclohexene
Hypoxanthine 142 soluble in water Low
(30 mg/mL)
2-Methoxy-1,3,2- 142 Low
Dioxaphosphorinane
4-Amino-benzamide 142 stable under Low
ordinary
conditions
2-Cyanol-azabicyclo[2.2.2]-octane | 142 Low
1-Azabicyclo[2.2.2]octane-4- 142 stable under Low
carbonitrile recommended
storage conditions
3-Cyanol-azabicyclo[2.2.2]-octane | 142 Low
n,n-Dimethyl-1,4-benzenediamine | 142 stable Low
a-Pinene 141 | solubility in water High
is 2.49 mg/L
(25°C)
B-Pinene solubility in water stable High
is insoluble
y-Pinene High
Monoterpene 145 | organic solvents, stable Low
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insoluble in water

Limonene solubility in water stable High
is insoluble,
miscible in alcohol,
benzene,
chloroform, ether,
CS;
138 | 1-Methyl-4-nitrobenzene 142 | soluble in water, normally stable, | Low
442 mg/L at 30°C, but that may
soluble in alcohol, | become unstable
benzene, ether, at elevated
chloroform, temperatures and
acetone pressures
p-Aminobenzoic acid 142 slight soluble is stable under Low
water, insolublein ordinary
chloroform, conditions
petroleum ether,
benzene, soluble in
ethyl acetate, acetic
acid, ether,
3-Aminobenzoic acid 142 | solubility in water stable under Low
is5.9 g/L (15°C) ordinary
conditions
Anthranilic acid 142 | water solubility is stable Low
5.7 g/L (25 °C)
1-(3-Pyridinyl-1-oxide)ethanone 142 Low
Pyridine-4-carboxylic acid methyl | 142 Low
ester
Methyl nicotinate 142 very soluble in stable under Low
water, in ordinary
chloroform and in conditions
ethanol (96%),
freely soluble in
ether
N,N-di-2-propenyl-2- 142 | water solubility is stable under Low
propen-1-amine 0.25 g/l ordinary
conditions
a-Pinene (isoptope) 141 Low
139 | 3-CICe¢H4CH=CH> 142 Low
* | 1-(3-Fluorophenyl)-ethanone 142 solubilities is stable at room Low
slightly soluble temperature in
closed containers
under normal
storage and
handling
conditions
1-(4-Fluorophenyl)-ethanone 142 | solubility in water stable under Low
is slightly soluble normal
temperatures and
pressures
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p-Nitroaniline 142 | solubility in water stable at room Low
is 0.8 g/L temperature in
closed containers
under normal
storage and
handling
conditions
3,5,5-Trimethyl-2-cyclohexen-1- 142 | solubility in water stable under Low
One is soluble ordinary
conditions
1-Methyl-5-t-butylpyrazole 142 Low
1-Methyl-3-t-butylpyrazole 142 Low
3(5)-Methyl-5(3)-t-butylpyrazole 142 stable under Low
normal conditions
3,5-Diethyl-4-methylpyrazole 142 Low
Dimethylphenylphosphine 142 | solubility in water stable under Low
is insoluble normal conditions
1,5-Diazabicyclo[4.4.0]dec-6-ene 142 Low
(DBD)
Homosalate 149 | water solubility is | photostable asan | Low
<0.1 g/100 mL at emulsion and in
26°C various solvents
140 | p-Fluorobenzamide 142 | water solubility is stable under Low
* 1.41E+04 mg/L at normal
25°C temperatures and
pressures
3-Fluoro-benzamide 142 Low
3-CH3SCgH4NH: 142 Low
N,N-Dimethyl-4-fluoroaniline 142 Low
5,5-Dimethyl-3-amino 142 Low
2-Cyclohexenone 142 | miscible in alcohol, stable Low
acetone, benzene
and water
1-(2-Methyl-1-propenyl)-piperidine | 142 Low
1-Cyclopentylpyrrolidine 142 Low
Lanthanum 142 Low
N, N-dimethylhistamine 142 stable Low
1,5,7-Triazabicyclo[4.4.0]dec-5- 142 | solubility in water stable Low
ene (g/L) is partly
miscible
141 | Decene High
* | Cyclodecane solubility in water stable High
is insoluble
142 Low
143 | 3-hexenyl acetate 149 | solubility in water stable under Low
* is insoluble, normal conditions
soluble in alcohol
Nonanal 149 | solubility in water stable Low
is insoluble
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Decane less dense than normally stable, | High
water and insoluble | even under fire
in water exposure
conditions, and
that do not react
with water
144 Low
145 Low
*
146 Low
*
147 | 1,2-Dichlorobenzene 141 | water solubility is stable Low
0.13 g/L (20°C)
Glutamine solubility in water High
is soluble
Diallyl disulfide soluble in alcohol, High
chloroform, ether,
and carbon
tetrachloride,
insoluble in water
148 | 1,2-Dichlorobenzene 141 | solubility in water stable Low
is 0.01%
Glutamic acid solubility in water High
is 7.5 g/L (20°C),
0.00035g/100g
ethanol (25°C)
149 | 1,2-Dichlorobenzene 141 Low
150 | 1,2-Dichlorobenzene 141 Low
Methionine solubility in water High
is soluble
2-mercaptoindole stable High
151 | 1,2-Dichlorobenzene 141 High
Thymol solubility in water stable Low
is insoluble
Ethyl benzoate 149 | water solubility is stable Low
insoluble
1,2,4,5-Hexanetetrol 145 Low
152 Low
153 | Methyl salicylate 149 | solubility in water stable under Low
is soluble slightly | normal conditions
in water, alcohol | of use and storage
154 Low
155 | Eucalyptol water solubility is stable Low
* 3500 mg/L at
(21°C)
Epimeric pair stable High
Biphenyl solubility in water stable High
is 4.45 mg/L
156
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157 | Menthol solubility in water
is slightly soluble
Decanal 149 | water solubility is stable
insoluble
4-hydroxynonenal soluble in ethanol stable High
to 100 mM and in
DMSO to 100 mM
158
*
159
*
160 | Sulfur mustard solubility in water stable High
is negligible,
soluble in ether,
benzene, lipids,
alcohol
161
*
162 | Carnitine very soluble in stable at room High
* water, 800 g-I* temperature and
(20°C) should be stored
away from light to
avoid any
chemical
degradation
163 | Allicin soluble in unstable High
* chloroform, water
(slightly), alcohoal,
ether, and benzene
164
165
*
166
167
168
169 | Selenocysteine water solubility is High
* 325.0 mg/mL
170
*
171 | Grapefruit mercaptan insoluble in water, stable under High
soluble in most recommended
organic solvents | storage conditions
172
173 | Decanoic acid solubility in water High

is 0.015 ¢/100 mL
(20°C), soluble in
alcohol, ether,
CHCls, CeHsg, CSp,
acetone
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Sulfanilamide solubility in water stable under High
is 7.5 g/L at 25°C normal
temperatures and
pressures
174
175 | Arginine solubility in water High
is 14.87 g/100 mL
(20°C), slightly
soluble in ethanol
insoluble in ethyl
ether
176
177
178
179 | Anthracene solubility in water stable under High
is insoluble, ordinary
soluble in alcohols, conditions
benzene,
Hydronaphthalene,
carbon disulfide,
chloroform, and
other organic
solvents
180
181 | 1,2,4-Trichlorobenzene 141 | solubility in water stable under Low
is 30 mg/L normal
temperatures and
pressures
182 | 1,2,4-Trichlorobenzene 141 Low
*
183 | 1,2,4-Trichlorobenzene 141 Low
* | Dimercaptosuccinic acid water-soluble High
Benzophenone water solubility is stable under High
insoluble ordinary
conditions
184 | 1,2,4-Trichlorobenzene 141 Low
*
185 | Dibenzothiophene solubility in water High
* is insoluble,
solubility in other
solvents in benzene
and related
Tridecane solubility in water High
is 0.0047 mg/I,
very soluble in
ethyl alcohol, ethyl
ether, soluble in
carbon
tetrachloride
Isoflurane water solubility is stable High
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13.5 mM at (25°C)

186
187
*

188

189

190 | Dimethyldiselenide stable High

191

192

193

*
194
195

*
196

*
197

*
198

*

199 | Tetradecane water solubility is | normally stable, | High
2.2x10° mg/L at even under fire
25°C, soluble in exposure

ether, acetone, conditions, and
soluble in alcohol that do not react
with water

200
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Table 7: The Organosulfur compounds.

Organosulfur Compounds

Chemical compounds that contain

Sulfoxides a sulfinyl functional group attached alliin
to two carbon atoms. DMSO
Chemical compounds that contain dimethyl sulfone.
Sulfones a sulfonyl functional group attached
to two carbon atoms. Sulfolane
Sulfimides Chemical compounds that contain methylphenylsulfoximine
a sulfur to nitrogen double bond. S,S-diphenylsulfilimine
Disulfides Chemical compounds that contain diphenyl disulfide
a disulfide bond. CeHsS-SCeHs
Functional group in organosulfur . .
Thioethers chemistry with the connectivity dimethylsulfide
C-S-C. methionine
Chemical compounds that contain i
a functional group C-S-CO-C. They acetyl-CoA
Thioesters are the product of
esterification between a carboxylic malonyl-CoA,
acid and a thiol.
Sulfur analogue of acetals. They are
Thioacetals prepared by reacting a thiol with

an aldehyde like acetals:

Thioketones

Organosulfur compounds that are
related to conventional ketones,
thioketones have the formula
RoC=S, which is reflected by the
prefix "thio-" in the name of the

functional group.

Thiobenzophenone

Thioaldehydes

Functional group in organic
chemistry that is similar to
analdehyde, RC(O)H, in which
a sulfur (S) atom replaces

Thioformaldehyde

the oxygen (O) atom of H,C=S
the aldehyde (R represents
an alkyl or aryl group).
Functional group that consist of the Allicin
Thiosulfinates | linkage R-S(O)-S-R (R are organic S-benzyl

substituents).

phenylmethanethiosulfinate

Thioamides

Functional group with the general
structure R-CS-NR'R, where R, R’,
and R are organic groups.

Thioacetamide

Thiocarboxylic
acids

Organosulfur compounds with the
general formula RC(O)SH. They are
related to carboxylic acidsby
replacement of one oxygen centre
by sulfur.

S-Nitrosothiols

Organic compounds or functional
groupscontaining a nitroso group

S-Nitrosoglutathione

S-Nitroso-N-
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attached to the sulfur atom of a thiol

acetylpenicillamine

Thiols

Organosulfur compounds that
contain a carbon-bonded sulfhydryl
(-C-SH or R-SH) group (where R

represents an alkane, alkene, or
other carbon-containing group of
atoms).

Methanethiol

Ethanethiol
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Part 2: 5.7.1. Linear Time Dependence

In studying the changes in VOCs behaviour within the time, some of them show a linear

behaviour. This linear time dependence occurs in different variants, as follows:

5.7.1.1. Constant Linear Time Dependence

Metabolites such as hydrogen sulfide (m/z=35), propene (m/z=43) and allyl
isothiocyanate (m/z=100) show a constant linear time dependence, as illustrated in Figure
5.10 for the isotope of isoprene (m/z=67). The fitting curve gives us an indication that these
types of VOCs do not interact with each other, there is no correlation with other analytes, so
their concentrations stay nearly the same or there is some interactions that shows a decreasing

and an increasing (fluctuation) around the average value.
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Figure 5.10: The isotope of isoprene (m/z=67) shows a constant linear time dependence.

5.7.1.2. Increasing Linear Time Dependence

Metabolites such as ethane (m/z=31), carbon disulfide (m/z=77) and hexene (m/z=85)

show an increasing linear time dependence, as illustrated in Figure 5.11 for the formaldehyde
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(m/z=57). The fitting curve gives us an indication that these types of VOCs increase due to

their constant relation with other metabolites that make them to increase linearly in time.
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Figure 5.11: The formaldehyde (m/z=57) shows an increasing linear time dependence.

5.7.1.3. Decreasing Linear Time Dependence

Metabolites such as water (m/z=50), benzonitrile (m/z=104) and decanoic acid
(m/z=173) show a decreasing linear time dependence, as illustrated in Figure 5.12 for the
isotope of methanol (m/z=34). The fitting curve gives us an indication that these types of
VOCs decrease due to their constant relation with other metabolites that make them to

decrease linearly in time.
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Figure 5.12: The isotope of methanol (m/z=34) shows a decreasing linear time dependence.
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5.7.2. Nonlinear Time Dependence

Beside the linear time dependence of some VOCs, other VOCs show a non-linear behaviour.

This non-linear time dependence occurs in different variants, as follows:

5.7.2.1. Rising Kinetics

Metabolites such as heptene (m/z=99) shows a rising Kinetics, as illustrated in Figure
5.13 for the pentane (m/z=71). The fitting curve gives us an indication that these types of
VOCs increase due to their relation with other metabolites that make them to increase in time.
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Figure 5.13: The pentane (m/z=71) shows a rising kinetics.

5.7.2.2. Decaying Kinetics

Metabolites such as acetone (m/z=59), trimethylamine (m/z=60) and isovaleric acid
(m/z=103) show a decaying kinetice, as illustrated in Figure 5.14 for the methanol (m/z=33).
The fitting curve gives us an indication that these types of VOCs decrease due to their relation

with other metabolites that make them to decrease in time.
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Figure 5.14: The methanol (m/z=33) shows a decaying kinetics.
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Part 3: 5.8.2. Other VOCs Biomarkers

5.8.2.1. Methyl group-CHs

As shown in figure 5.63, there is an increase in the methyl group-CHs (m/z=15) counts in
vegans group compared to others, this increase may be due to the intake of B12 fortified food

products and/or B12 supplements.

B12 is found naturally in animal products, so vegans suffer from B12 deficiency
because they do not eat foods that come from animal, for that they must take B12 fortified

food products and/or take B12 supplements to prevent this deficiency.

A (methyl group-CHa) is transferred from methylcobalamin (B12) or trimethylglycine
(TMG), this will led to the conversion of homocysteine (m/z=136) to methionine
(m/z=150).

El m/z=15
2.5E-03
Methyl Group
2.0E-03
a
c
=
8 1.5E-03
e}
O
N
© 1.0E-03
£
2
0.5E-03
0.0E-03 Vegans Volunteers Patients
Health Condition

Figure 5.63: The methyl group.

5.8.2.2. The Water and Water Multimere Peak Identification

There is an increase in (H20) counts in volunteers group compared to others. The reason for
this is not pathological, but it is due to the high humidity caused by the hot weather at the
measuring time (the temperature was 30°C-35°C). The next highest counts belongs to the
patients group. The samples from these two groups were collected nearly in the same month,
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but at different ambient temperature. The (H20) counts that belongs to vegans group is less
than other groups because the samples were collected later at cooler temperature.

Figure 5.64 shows the water and water multimere such as HzO" (m/z=19), H.DO*
(m/z=20), HD,O" (m/z=21), DsO* (m/z=23), H3O"(H20) (m/z=37), (m/z=38), O2'H.0

(m/z=50) and H30*(H20)2 (m/z=55).
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Figure 5.64: The water and water multimere.
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Part 4:

Chapter 6

Results and Discussion of IMS

The data that analyzed for breath samples using IMS are presented and discussed in this

chapter.

After collecting the data from the IMS device, the data were analyzed by the VisualNow

program. This program is ion mobility spectrometry program.

VisualNow was previously known as BBImsAnalyse software, which was the first
software designed to analyse the data from the MCC-IMS based on the thermal plot. It was
developed by Bertram Boddeker during his diploma at the Leibniz Institute for Analytical
Sciences (ISAS) [90]. Then B&S Analytik GmbH, Dortmund developed, improved, used and
renamed this program to VisualNow, which is programmed in Java. With the VisualNow
program it is possible to deal with an increased amount of measurements as analysing and
comparing, in addition to applying the statistical values visualisation of the results as Box-
and-Whisker-Plots.

6.1. VisualNow Window

The main VisualNow window shows two dimensional-plot displaying the whole IMS
chromatogram and all technical parameters from the data file, where the height of the signal,
which is the signal from the Faraday plate in the IMS device, is colour-coded in both plots, as

illustrated in Figure 6.1.
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White Blue Red Yellow

0 0:5 1

Figure 6.1: The colour-code of the heatmap visualisation [91].

The colour-code is set to map values from zero to one according to the heights or the
intensities of the peaks. The white colour is zero, the blue colour is low intensity, the red

colour is medium intensity and the yellow colour is one.

The term heatmap is used because the map is related to temperature. Typically, blue
colour represents low value that is related to low temperature, while red and yellow colour

represent high values that are related to high temperatures.

Besides the main window, there are two additional windows. The one on the right
shows one single multi-capillary column spectrum at the selected ion mobility and the lower
one shows single ion mobility spectrum at the selected retention time. Additionally, the
parameters such as, the ion mobility (k0), the inverse ion mobility (1/k0) that is proportional
to the drift time (DT) and the retention time (RT) of the data point at the current mouse

position are shown in the lower-right side of the main window.
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In each spectrum there is a dominant signal known as a reactant ion peak (RIP) that
looks as a broad vertical line on the chromatogram and has a highest and broadest peak [83,
109]. It is considered as a dominant signal that caused by IMS radioactive ionisation source
and further peaks that have the information about the sample measured substances. Due to the
electrical field, the reactant ions brought into the drift region then towards the Faraday plate,
where there is no analyte molecules available to form a spectrum that contains the RIP. Figure

6.2 shows the VisualNow window with RIP.
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Figure 6.2: The VisualNow window showing the RIP: (A) the main window, (B) the single
chromatogram at the selected ion mobility on the right side of the main window and (C) the

single spectrum at the selected retention time lower the main window.

6.2. Data from MCC-IMS

The resulting data from the MCC-IMS device is stored in a file that contains many spectra
sorted by the retention time. Each spectrum consists a number of ionised molecules at
a specific drift time. Each spectrum is an average of many single scan. Figure 6.3 shows the
MCC-IMS spectra.
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Figure 6.3: Two-dimensional MCC-IMS spectrum, the x-axis represents 1/k0 (Vs/cm?) and

the y-axis represents the RT (s).

One single scan requires 100 ms. To build one spectrum 10 scans are used, this leads to
an acquisition speed of one spectrum per second. This is essential for signal-to-noise ratio
improvement to separate the weak signals from the noise. The measurement by this device
consists of 500 single spectra, each spectra has 2000 values. As a result, one million data
points can be obtained and each of them has three types of parameters: i) retention time,

i) drift time and iii) intensity.

6.3. The Pre-requisites for Sample Analysis

VisualNow program can show a three-dimentional plot for the IMS chromatogram. To get
a three-dimentional separation along with the ion mobility and intensity for analysis with
a high resolution, it is very important to use MCC as a pre-separation unit for big and
different samples. This sample analysis need to be fast, accurate and has a high resolution
[77].

To show a single spectra of several peaks and examine it visually, the spectrum is
selected and shown in a separate plot. The peaks that are captured by MCC-IMS can be
identified and compared in three-dimensional plot in regards to the characteristics of the data.
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In the three-dimentional plot, the x-axis is 1/k0 (Vs/cm?), which is proportional to DT

(ms) as mentioned previously, y-axis is RT (s) and z-axis is the intensity (V), as shown in
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Figure 6.4: Chromatogram three-dimensional plot of MCC-IMS measurement:
(A) a heatmap for the three-dimensional plot and (B) a schematic view of the three-

dimensional plot.

6.4. The Comparability of the Measurements

Different factors affecting the characteristic of the drift and retention time, such as pressure,
temperature and electrical field, lead to baseline shift that prevents the comparability of the
measurements. Additionally, there are other affecting factors: i) baseline correction,
i) compensate RIP-tailing, iii) norm signal to RIP, iv) smoothing and v) median smoothing,

as illustrated in Figure 6.5.

In the baseline correction measurement, there is no analyte peak in the values of the
signal intensity, but there will be pure noise. To compare the heights of the peaks from

different measurements the baseline shift should be adjusted.

In spite of the estimation of the baseline shift based on the initial measurement, the
baseline correction has an effect on single spectrum by producing a variation around zero in

the noise region for the whole spectrum, see figure 6.5.B and figure 6.6.
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In the compensate RIP-tailing, there is a variation in the ion velocity because of the
random reactions of the ion molecules in the drift tube, this will cause RIP-tailing, which is

considered one of the major problem.

RIP-tailing is a source of distribution that appear on the right side of the RIP as a signal
descent, from 1/k0 = 0.5 (Vs/cm?) to 1/k0 = 0.8 (Vs/cm?), where the baseline of a whole
spectrum increases with a diminishing value by RIP leading to change the heights of the
peaks parts of the drift time axis. It is difficult to separate peaks from noise with RIP-tailing
and it causes problems by changing the heatmap colour-code for better visualisation of the

peak.

For that, it needs to clarify the measurements of IMS by fitting the function of the
detailing that represents the tailing then subtracting that from each spectrum. So by RIP
detailing, the peaks in the spectra part become clearer and can hold the beneficial effects of

the operations of the wavelet, see figure 6.5.C and figure 6.6.

In the norm signal to RIP, the intensity will be standardized using a correction factor in
such a way that the signal height of the RIP becomes 1.0., see figure 6.5.D and figure 6.6.

In spite of that, the RIP found in every spectrum and has a great benefit for alignment of
the 1/k0 and normalisation of the intensity, but it prevents additional analysis and
visualisation of the peaks. RIP controls every measurement but it has no information about

the samples analytes.

The IMS data contains a numbers of data points, which is considered as a noise that
interact with data analysis. This problem remains even after introducing a pre-processing step,
but by smoothing and denoising method, these problems are solved.

In the smoothing method, the high frequency components is removed regardless to their
amplitude. By smoothing the wavelet, the dimensionality and a higher signal-to-noise ratio

will reduce, see figure 6.5.E and figure 6.6.

In the median smoothing, it is an additional smoothing with the strong noisy data, see
figure 6.5.F and figure 6.6.
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Figure 6.5: MCC-IMS chromatograms of (A) Raw, (B) Baseline Correction, (C) Compensate
RIP-Tailing, (D) Norm Signal to RIP, (E) Smooth and (F) Median Smooth.

6.5. Comparisons within Spectra and Chromatograms

Comparing spectra and chromatograms of the same measurement are possible by marking the
signal peaks. To compare the peaks, the positions of the peaks should be marked manually

one after another in the main window.

To compare different spectra and chromatograms that belong to different measurements
or different data files. These marked spectra and chromatograms should be move to another

window for additional comparisons.

In the comparison of spectra, the comparison will be according to the 1/k0 value, which
is proportional to the drift time (DT) value in the IMS, as shown is Figure 6.6.A.
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In the comparison of chromatograms, the comparison will be according to the retention
time (RT) value in MCC, as shown in Figure 6.6.B.
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Figure 6.6: (A) the spectra and (B) the chromatogram comparisons between: raw, baseline
correction, compensate RIP-Tailing, norm signal to RIP, smooth, and median smooth for the

same peak.

6.6. Peak Detection and Comparison

To study the similarity and the differences of the measurements, there must be a group of
peaks that are related to the same analytes. The region with the same peak characteristics is

selected and compared to the same region in another measurement.

It is very important to determine the peak intensities that belong to the same analyte for
the compared measurements. In the peak finding technique, the regions of the peaks will be as
descriptors of the peak group, which can be identify a specific analytes. This region is

characterized by the centre point, 1/k0 radius and RT radius.

All peak intensities can be shown in a different manner after successful peak detection
and tolerance boundaries definition. The method of visualisation should support class based
analysis because the purpose of many experiments depend on comparing the intensities of
different classes.

For a good comparison, the detected analytes should be arranged in a list according to
their peaks. 1/k0 and RT should also be determined.
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6.7. Factors Effecting on the VOCs Intensity

There are many factors affecting the intensity or the concentration of VOCs such as, age,
gender, Body Mass Index (BMI) and diet [3, 110]. The type of the consumed foods, drinks
and even smoking affect the VOCs intensity [3, 111]. In this part of the study, we will discuss

some of these factors.

6.7.1. Comparative Study between Different Statuses of Diet

Different statuses of diet is considered one of the factors that affect the VOCs intensity. This
effect refers to the different contents or ingredients of the foods and drinks, for example,
onion, mint, garlic and other types of food contents that stay in the breath for a long time as

compared to others.

In our study, the comparison was done with different statuses of diet for the same
person to avoid other affecting factors such as gender, age and even smoking. Figure 6.7
shows the behaviours of three different analytes, which are characterized by their 1/k0 and
RT, affected by different diet statuses: i) before eating (fasting from the day before), ii) after
eating, iii) after washing the mouth with Listerine mouthwash, iv) after washing the mouth

with tap water and drinking tap water many times and v) after chewing peppermint gum.
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Figure 6.7: MCC-IMS heatmap showing the effect of different diet statuses on three different

analytes that characterized by their 1/k0 and RT.

Some VOCs are decreased in their intensity and others are increased. This variability in
their behaviours depends on the analyte and how it is affected by the different statuses of diet.

So let us discuss each diet status separately:

i. Before Eating (Fasting From the Day Before)

During fasting or starving the carbohydrates in the body will decrease, the carbohydrates are
considered the source of energy in the body. To meet its energy requirements, the body starts

to metabolize the fat.

According to Sena S.F. [112], “Fat or long-chain fatty acids from adipose tissue are
metabolized by hepatocytes via beta-oxidation to sequentially remove two-carbon units
(acetyl-CoA) from the fatty acid chain. Normally, acetyl-CoA is further oxidized in the citric
acid cycle but when the capacity of this cycle is exceeded, ketogenesis occurs to produce
three so-called “ketone bodies”: acetone, acetoacetate (AcAc) and betahydroxybutyrate
(BHB), also known as 3-hydroxybutyrate” [113, 114].

Acetone is considered a biomarker for diabetes and it is one of the most abundant VOCs
in human breath and is linked to dextrose and lipolysis metabolism.

According to Thekedar S. [3], “many studies and publications indicate an increase of the

acetone concentration in the breath samples of volunteers for different fasting duration: 12 hr.
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[115, 116], 9 hr. to 16 hr. [117] and 63 hr. [118]. These studies showed that the duration of
fasting, the amount and the type of food consumed in the previous night before collecting the

breathing sample affect the acetone concentration”.

Some studies were showed that under fasting condition, ammonia [119], phenol and
di-limonene [118] also increased compared to other statuses, but other studies were showed
a decrease in ethanol [118, 119] during fasting and ammonia is independent of fasting [115].

ii. After Eating

Some of the exhaled VOCs increase after eating; this increase is due to their origin from the
consumed food. This changing in the concentration depends on the type and the amount of the
food.

Ethanol increases in breath sample after its oral [120, 121] or sugar [122] consumption
and also increases after a protein calori meal [119] consumption. Acetaldehyde increases after
consumption of ethanol [120], methanol increases after eating an apple [123], acetone
increases after proan-2-ol ingestion or after garlic consumption [124], sulphide compounds
increase after garlic consumption [124] and furfurylthiol increases after drinking coffee [125]
and etc.

iii. After Washing the Mouth with Listerine Mouthwash

After washing the mouth with Listerine mouthwash, some VOCs were increased in the

exhaled breath due to their origin depending on the ingredients of the mouthwash.

The Listerine mouthwash ingredients are aqua, alcohol, sorbitol, poloxamer 407,
benzoic acid, sodium saccharin, eucalyptol, methyl salisylate, aroma, thymol, menthol,

sodium benzoate, sodium fluoride, alcohol, natrium fluoride, Cl 47005 and Cl 42053.

Eucalyptol analyte is found normally in human breath, and by washing the mouth with

the Listerine mouthwash this will lead to an increase in its concentration.
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Sorbitol is a sugar alcohol with sweet taste which is metabolized slowly in human body.
It can be obtained from the reduction of glucose, changing the aldehyde group to a hydroxyl

group.

Cl 47005 also called quinoline yellow (WS) or food yellow 13. According to Nordic
Council of Ministers [126], “It is manufactured by sulfonating 2-(2-quinolyl) indane-1,3-
dione or a mixture containing about two-thirds 2-(2-quinolyl) indane-1,3-dione and one third
2-(2-(6-methylquinolyl)) indane-1,3-dione. It consists essentially of a mixture of sodium salts
of disulfonates (principally), monosulfonates and trisulfonates of 2-(2-quinolyl) indane-1,3-
dione and subsidiary colouring matters together with sodium chloride and/or sodium sulphate
as the principal uncoloured components, it is described as the sodium salt. While CI 42053

which is also called fast green (FCF) or food green 3, is a sea green triarylmethane food dye”.

So all the VOCs that have the same origin of the ingredients are increased, but the

VOCs that have the opposite origin to the ingredients are decreased.

iv. After Washing the Mouth with Tap Water and Drinking Tap Water Many Times

VOCs are found in water, which give the water the odour and the taste. Some VOCs may be
harmful to the human health such as benzene that enters the ground water in several ways:

from gasoline or oil spills or even from the leakage of fuel tanks underground.

Dichloromethane (methylene chloride) is a commonly detected VOCs in water. It may
be found as a trichloroethylene, which is an industrial solvent used as a septic system cleaner
and/or as tetrachloroethylene (perchloroethylene) that is used in the dry-cleaning industry.

The U.S. Environmental Protection Agency (EPA) has determined a maximum
contaminant level (MCL) for each chemical. When the chemicals amount are lower than
MCL, the water is considered safe to drink, but when one or more VOCs is higher than the

limit, the water is not safe to drink.

Therefore, before drinking water, attention must be paid to the source of the water and
eliminating the VOCs sources in water if one or two chemicals are found. By knowing the
VOCs that are found in water, it is easy to study the effect of drinking water on exhaled

breath sample.
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v. After Chewing Peppermint Gum

The ingredients of peppermint chewing gum are sorbitol (sugar alcohol with sweet taste), gum
base, glycerine (humectant), mannitol (sugar alcohol with sweet taste), flavours, and

aspartame (non-saccharide sweetener).

VOCs increasing or decreasing in the breath sample depending on the origin of these

VOCs and chewing gum ingredients.

According to Rosing at al. [127], “chewing gum has an effect on the production of
Volatile Sulfur Compounds (VSCs). This study was concluded that VSC production is
diminished after chewing gum and that the use of chewing gums reduces temporarily the VSC

production enhanced by cysteine rinses”.

Figure 6.8 shows how three different analytes, which are known by their retention time
and drift time, are affected by a different diet statuses according to the MCC-retention time
(on the left) and IMS-drift time (on the right).
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Figure 6.8: The different behaviours of three different analytes due to the different diet
statuses in two parts of the device MCC (on the left) and IMS (on the right):

== before eating, == after eating, == with mouthwash, =—— with tap water and == with chewing
gum.
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6.7.2. Comparative Study between Direct Breath and Indirect Breath

Because there are losses in the VOCs compounds that are found in Tedlar bags, this
comparative study between direct breath and indirect breath from Tedlar bag is important to

study the effect of Tedlar bag materials on analytes.

Figure 6.9 shows the differences in the intensities of three different analytes, which are

characterized by their 1/k0 and RT in direct breath as compared to indirect breath.

Direct Breath  Indirect Breath  Direct Breath
(15t Attempt) (Tedlar Bag) (24 Attempt)

1/k0 = 0.6425 (Vs/cm?)
RT =30.5 ()

1/k0 = 0.5765 (Vs/cm?)
RT =235 (s)

1/k0 = 0.5485 (Vs/cm?)
RT =2.1(s)

Figure 6.9: MCC/IMS heatmap showing the effect of Tedlar bag on three different analytes.

Previous studies showed that Tedlar bag produces artifacts due to its manufacturing
process comparing to other types of bags, these artifacts are phenol and/or
N,N-dimethylacetamide [128, 129, 130]. According to these artifacts that found in the Tedlar
bag, the analysis of the chemicals are affected by increasing the concentration of the VOCs
that have the same origin to these artifacts and decreasing the concentration of the VOCs that

have the opposite origin to these artifacts.

Figure 6.10 illustrates how these three different analytes, which are characterized by
their retention time and drift time, were affected by Tedlar bag according to the
MCC-retention time (on the left) and IMS-drift time (on the right).

206



Appendices

Retention Time (s)

Drift Time (ms)

008 T T T T T T T T T T T T T T T 0-08 T T T T T T T T
27 28 29 30 31 32 33 34 35 0.63 0.64 0.65 0.66
Retention Time (s) Drift Time (ms)
0.23 T T T T T T T T T 0_23 T T T
0.211 0.214
- ] 7 ]
’ 4
T 0.194 ~ 0.19+
£017] 0.17-
= ]
= i ]
0-15j 0.15-
0.13 . . . . 0.13 —
18 20 22 24 26 28 0.565 0.570 0.575 0.580 0.585
Retention Time (s) Drift Time (ms)
35 T T T T T 35 T T T T T T
3.0 1 3.01
—~ 2.5 ~ 25
e e
B 2.0 2 20
g 151 £ 157
= =
= 1.0 = 1.0
0.5 - 0.5
0.0 T T T T T T T T T T 0.0 T T T T T T T T T T T T T T T
0.5 1.0 1.5 2.0 25 3.0 35 0.53 0.54 0.55 0.56 0.57

Figure 6.10: The different behaviours of three different analytes due to the way of breath in
two parts of the device MCC (on the left) and IMS (on the right): == direct breath
(1% attempt), = indirect breath (Tedlar bag) and = direct breath (2" attempt).
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6.7.3. Comparative Study between Smoker and non-Smoker

We studied the effect of smoking on VOCs because smoking is one of the reasons that cause

lung diseases.

Figure 6.11 shows a three-dimensional of the different spectrum intensities between
smoker and non-smoker. This comparison is done as: i) direct breath (1% attempt),
i) indirect breath (Tedlar bag) and iii) direct breathing (2% attempt).

Non-Smoker Smoker

Direct Breath (15t Attempt)

N

\m\; ;‘;’ - \N ,

Indirect Breath (Tedlar Bag)

Direct Breath (224 Attempt) T '\ © .
\

\\-w‘,..'r-' T
|

Figure 6.11: The three-dimensional view shows the effect of smoking and non-smoking on

the spectra.

In direct breath (1% Attempt), the spectra of the smoker is nearly the same as the spectra

of the non-smoker, because the smoker had not smoke for a while

In indirect breath (Tedlar bag), after smoking and breathing in the Tedlar bag, one can
see how the spectra of the smoker changes when compared to spectra of the non-smoker. This
difference between both spectra refers to two reasons: i) effect of smoking and ii) effect of

Tedlar bag.

In direct breath (2"! Attempt), the intensity of both spectra decrease, but the spectra of
the smoker still higher than the spectra of the non-smoker, here it refers only to one reason,

the effect of smoking, phenol and/or N,N-dimethylacetamide artifacts.
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Figure 6.12 shows the heat-map of the peaks and how these analytes are effected by

smoking.

Non-Smoker Smoker

Direct Breath (1% Attempt)

1/k0 = 0.6078 (Vs/cm?)

RT=74(s) Indirect Breath (Tedlar Bag)

Direct Breath (224 Attempt)

Direct Breath (1%t Attempt)

10 =0.6436 (Vs/em®) | Indirect Breath (Tedlar Bag)
RT =309 (s)

Direct Breath (224 Attempt)

Figure 6.12: The MCC/IMS heatmap for two different analytes showing the effect of the

Tedlar bag and the smoking status.

Both analytes in direct breath (1% Attempt) showed nearly the same intensity, but their
intensities changed after breathing in the Tedlar bag (indirect breath) and showed different
behaviours after smoking, then after direct breath (2" Attempt), they showed a different

decreases in the intensities.

The comparison between the ways of breathing into the device (direct or indirect) as
well as the comparison between smoker and non-smoker are illustrated in Figure 6.13 by
a Box-and-Whisker-Plot.

Box-and-Whisker-Plot is a graphical method of displaying variation in a set of data. It
shows the mean and the median of the measurements as well as the ranges and the possible of
the outliers. By Box-and-Whisker-Plot, it is easy to determine the peak intensity distribution

in different classes and make the visualisations of a large number of peaks so clear instead of
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single peak intensity. The characteristics and the benefits from Box-and-Whisker-Plot depend

on the number of measurements and the aim of the analysis.

From Figure 6.13, it is obvious how the intensity of the analytes differ in both cases:

i) comparing smoker with non-smoker and ii) comparing direct breath with indirect breath.
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0.1
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Intensity (V)

Non-Smoker Non-Smoker Smoker Smoker
(Indirect Breath) (Direct Breath) (Indirect Breath) (Direct Breath)

Figure 6.13: Box-and-Whisker-Plot showing the effect of the Tedlar bag and the smoking.

All VOCs that come from tobacco smoke are rapidly removed from the body by
enzymatic reactions and excretion. Through smoking, two different types of VOCs are

increased, acetonitrile and benzene [3, 131].

The presence of acetonitrile and other types of nitriles like acrylonitrile in breath

samples are considered good markers for smoking.

After smoking, the concentrations of acetonitrile and acrylonitrile increase rapidly, then
after a while the concentration of acrylonitrile decreases rapidly to the initial level, but the
concentration of acetonitrile decreases very slowly and its concentration depends on the

amount that had been inhaled. Thus, acetonitrile is a good marker for passive smoking [132].

Cigarette is the main source of benzene in smoker, for that benzene is a good marker for
active smoking [133]. Benzene body burden in smoker is 6 to 10 times higher than in non-
smoker [134].

The quantity of the detected benzene in the exhaled breath sample depends on the time
of the last smoke cigarette. This study shows how the benzene concentration increases rapidly

after smoking and returns back to the initial level after a while.
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The cigarette smoke has a strong influence on the VOCs in exhaled breath. Euler at al.
[135] study showed, isoprene is a predominant hydrocarbon in tobacco smoke [136] and the
passive increase of this effluent in the breath of smokers might be misinterpreted as
an increase in pentane. One of the anthropogenic sources of isoprene is tobacco smoke (200 to
400 pg per cigarette) [137]. The concentration of isoprene increases by a percentage of 70%

after just one cigarette smoking [137, 138].

Thekedar B. [3] made a comparative study between current smokers within lung cancer
patients and control smokers. In his study, he showed that the isoprene level in the lung
cancer smoker patients is not significantly higher than in the control smokers. Thus, the
increased level of isoprene may be due to smoking alone. On the other hand, methanol and

acetone do not depend on smoking.

Due to this, if someone wants to study the VOCs that emitted from the lung cancer
patients with smoking status, their VOCs must be compared to VOCs that emitted from the
control persons also with smoking status to avoid the artifacts from smoking.

For this study many precautions should be taken into accounts such as the number of the

years of smoking and the number of the cigarettes are smoked per day.

6.8. Influence of Tedlar Bags on VOCs concentrations

In this part of the study, ten Tedlar bags were collected from ten volunteers. After collecting
the breath samples, they were analyzed for different days to study their changes over the time.
The measurements were taken repeatedly over 190 hr. period (approximately one week), in
order to study the variability and the stability of the VOCs in time [84].

With IMS, each sample has different numbers of peaks. After determining the
intensities of the analytes that belongs to the same sample with the same 1/k0 (Vs/cm?) and

the same retention time (s), a list of intensities versus time was prepared.

The relation between the intensity (V) and the time (hours) were plotted and fitted with

a linear exponential function using the OriginLab program:

Figure 6.14 shows the flow chart for the optimization process of the measurement done
with IMS.
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Different Numbers of Volatile
Organic Compounds (VOCs) were

identified depending on the Sample

A 4

Fitting with the following equation
X
y = A .exp (— t_> + Vo
1

.

s
""""

.

.
.
..
..
s
e
..
..
""""
..
.
..
..
..
..
s
e

vy
L
LR
Lr
LH
L
LH
"~
"
.
......
L
L
LE
LH
L
"~
Lr
"
"
"

..... N
Linear Time Dependence Constant Time Non-Linear Time Dependence

- Dependence

T, After 10 hr. -

Increasing Linear
Y Time Dependence

Rising Kinetics

Decreasing Linear
Time Dependence

Decaying Kinetics

Constant Linear
Time Dependence

Figure 6.14: The flow chart for the optimization process of the measurement done with IMS.
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6.8.1. Linear Time Dependence

In studying the changes in VOCs behaviour in time, some of them show a linear behaviour.

This linear time dependence occurs in different variants, as follows:

6.8.1.1. Constant Linear Time Dependence

Some VOCs show a constant linear time dependence as illustrated in Figure 6.15. This
fitting curve gives us an indication that these VOCs do not interact with each other, there is no
correlation with other analytes, so their intensities stay nearly the same or there is some

interaction that shows a decreasing and an increasing (fluctuation) around the average value.

] T 1 N I ' 1 ' I ' 1 T 1 v ] r 1 i 1

0.201 * .
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Figure 6.15: An example of analytes that shows a constant linear time dependence: Sample
No. 1 (fasting volunteer) with 1/k0=0.577 (Vs/cm?) and RT=22.6(s).

6.8.1.2. Increasing Linear Time Dependence

Some VOCs show an increasing linear time dependence as illustrated in Figure 6.16.
This fitting curve gives us an indication that these VOCs increase due to their constant
relation with other analytes that make them to increase linearly in time.
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Figure 6.16: An example of analytes that shows an increasing linear time dependence:
Sample No. 10 (normal volunteer) with 1/k0=0.603 (Vs/cm?) and RT=8.9(s).

6.8.1.3. Decreasing Linear Time Dependence

Some VOCs show a decreasing linear time dependence as illustrated in figure 6.17. This
fitting curve gives us an indication that these VOCs decrease due to their constant relation
with other analytes that make them to decrease linearly in time.
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Figure 6.17: An example of analytes that shows a decreasing linear time dependence: Sample
No. 4 (normal volunteer) with 1/k0=0.535 (Vs/cm?) and RT=7.9(s).
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6.8.2. Nonlinear Time Dependence

Beside the linear time dependence of some VOCs, other VOCs show non-linear time

dependence. This non-linear time dependence occurs in different variants, as follows:

6.8.2.1. Rising Kinetics

Other VOCs show a rising kinetics as illustrated in Figure 6.18. This fitting curve gives
us an indication that these VOCs increase due to their relation with other analytes that make
them to increase in time.
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Figure 6.18: Two examples of analytes that show a rising kinetics: Sample No. 8 (smoking
volunteer) with 1/k0=0.485 (Vs/cm?) and RT=42.1(s) (on the left) and Sample No. 3 (after
eating) with 1/k0=0.644 (Vs/cm?) and RT=30.4(s) (on the right).

6.8.2.2. Decaying Kinetics

Other VOCs show a decaying kinetics as illustrated in figure 6.19. This fitting curve
gives us an indication that these VOCs decrease due to their relation with other analytes that

make them to decrease in time.
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Figure 6.19: Two examples of analytes that show a decaying kinetics: Sample No. 5 (after
washing the mouth with Listerine mouthwash) with 1/k0=0.650 (Vs/cm?) and RT=167.5(s)
(on the left) and Sample No. 9 (after chewing peppermint gum) with 1/k0=0.450 (Vs/cm?)
and RT=5.6(s) (on the right).
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