BSc in Reproductive & Developmental Sciences & 

BSc in Surgery and Anaesthesia Project Outline 2011-2012
Project Title: To determine how the concentration of volatile organic compounds (VOCs) in breath vary with food intake using Selected Ion Flow Tube- Mass Spectrometry (SIFT-MS).

Academic Supervisor: Professor George Hanna
Division: Department of Surgery and Cancer

Section: Academic Surgery Unit

Co-supervisor: Julia Cushnir
Who will be responsible for day-to-day supervision? Julia Cushnir/Sacheen Kumar
Contact Details of Person whom Medical Student should contact for further details:  

Name: Julia Cushnir



Email:
 Julia_cushnir@hotmail.com


Tel: 07847 436 932
Group’s Research Interest: Analysis of volatile compounds
(Double click the appropriate check box to indicate your choices below)
Is this a clinical  FORMCHECKBOX 
 or laboratory  FORMCHECKBOX 
 project?
Suitable project for:
Reproductive and Development 
Sciences 
Yes  FORMCHECKBOX 
 No  FORMCHECKBOX 

Surgery and Anaesthesia



Yes  FORMCHECKBOX 
 No  FORMCHECKBOX 

Synopsis of project (background/research question/methods to be used/relevant key references):
1. Introduction:

From the time of Hippocrates, it has been known that analysis of breath can provide the clinician with clues to aid patient diagnosis. For example, a pear-drop smell is indicative of ketosis in diabetes mellitus and foetor hepaticus is associated with chronic liver failure. More recently, in 1971, Linus Pauling showed that human breath comprised a complex mixture of over 250 VOCs. It is thought that these endogenous VOCs may hold the key to identification of biomarkers for underlying disease processes. Indeed, this concept has been tested by Sonoda et. al.1 who trained dogs to detect the ’smell of cancer’.  In this study, the trained dogs were able to correctly identify colorectal cancer in 9 out of 10 breath samples.

However, in order to use VOCs as disease biomarkers, it is necessary to know what influence other factors have on these compounds. In particular, the effects of diet need to be quantified. Spanel et. al.2 have recently performed a study which shows that breath acetone concentrations increased up to five times in the six hours following a ketogenic diet. Breath acetone also increased significantly when volunteers followed a low carbohydrate diet and remained high whilst the diet was continued.
Recent advances in analytical techniques now allow for real time, on-line analysis of volatile compounds (including anaesthetic gases). Originally conceived in the 1970’s, Selected Ion Flow Tube-Mass Spectrometry (SIFT-MS) serves as an important method by which ion-neutral reactions at thermal interaction energies can be accurately and reliably studied ADDIN EN.CITE <EndNote><Cite><Author>Smith</Author><Year>1987</Year><RecNum>715</RecNum><record><rec-number>715</rec-number><foreign-keys><key app="EN" db-id="zr5drzv0zw5tx9e509wpap58w2edev90xtve">715</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Smith, D.</author><author>Adams, N.G.</author></authors></contributors><titles><title>The selected ion flowtube (SIFT): Studies of ionneutral reactions. </title><secondary-title>Adv Atom Mol Phys</secondary-title></titles><periodical><full-title>Adv Atom Mol Phys</full-title></periodical><pages>1–49.</pages><volume>24</volume><dates><year>1987</year></dates><urls></urls></record></Cite></EndNote>. Early development of the SIFT-MS technique was focused mainly on the investigation of molecular genesis within the cold interstellar clouds of the Milky Way, which had been observed by radio astronomers. The use of SIFT-MS for this purpose was principally borne out of the shortcomings of both the flowing afterglow and ion cyclotron resonance techniques. It was however, not long before this new analytical technique was used to investigate the terrestrial atmosphere and the analysis of complex gas mixtures as well as exhaled breath. Consequently over the last decade there have been a host of publications outlining the potential uses of the SIFT-MS technique for applications within environmental, biological and clinical sciences3.

SIFT-MS is a novel technique which allows detection and quantification of a mixture of VOCs without the need for sample preparation. A full description of the SIFT-MS technique is given elsewhere3, hence only a brief overview is given here. Precursor cations (H3O+, NO+ and O2+) formed within a microwave discharge source are selected based on their mass-charge ratio (m/z) by an injection quadropole mass filter. Selected cations are injected into the flow-tube, carried by fast-flowing helium carrier gas. Within the flow tube, precursor cations react with trace gases to form characteristic product ions. Both precursor and product ions are sampled by a downstream pinhole orifice and pass into a differentially-pumped quadrupole mass spectrometer that separates ions according to their m/z. The detection system operates in either the full mass scan or multiple ion monitoring (MIM) modes. Using the MIM mode allows for rapid quantification of specific VOCs present in a sample.

A schematic representation of the SIFT-MS apparatus is presented in figure 1. 
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Figure 1: Schematic representation of the SIFT-MS apparatus
(A) Selected precursor ions react with trace compounds within the breath (B) to form characteristic product ions (C) which are isolated and quantified within a downstream mass spectrometer and ion detector.

Recently published work has also shown that it is possible to determine the levels of volatile organic compounds (VOCs) in the room air of three clinical environments within a busy teaching hospital4.
2. Hypothesis

We hypothesise that, using SIFT-MS, we will be able to detect and quantify a range of VOCs in breath. It should be possible to observe these concentrations after a subject has fasted for a defined period of time and to see how these concentrations vary once the subject has ingested food.

3. Aims:
1. Primary Aim:

To use SIFT-MS to determine the concentrations of approximately thirty five VOCs in breath after a defined fasting period and to quantify how these concentrations vary after the subject has eaten.

2. Secondary aims:

To vary the diet of the subject after the fasting period and to see how this effects the concentrations of VOCs.

4.
Study Outline:

4.1 Overview

The overall objective of this project is to determine the concentrations of VOCs in breath following a defined period of fasting. Subjects will either (i) breath directly into the SIFT-MS and/or (ii) breath into a Nalophan breath bag. Subjects will be chosen by the BSc student and be healthy volunteers. After the fasting period, the subject will be fed a controlled diet, also defined by the BSc Student, and further breath samples collected and analysed over a set time intervals.

4.2 Sample Collection

Breath samples will be collected into double thickness (2 x 25µm) Nalophan® (Kalle UK Ltd., Witham, UK) sample bags ((2L). Nalophan have previously been reported as a suitable material for the construction of sample containing volatile compounds5, 6. Our own studies have confirmed that breath samples remain stable within double thickness Nalophan® sample backs for at least one hour. The subject will take a deep breath and exhale into the bag. This breath will be pushed out of the bag and the subject asked to provide a second breath sample. This will ensure that the breath in the bag is not contaminated from any VOCs present in the bag from during its preparation.

Alternatively, the subject may be requested to breathe directly into the instrument.

5. Sample Analysis.
The instrument will be set up to detect a range of VOCs. Prior to analysis the samples will be heated in an incubator set at 37oC for five minutes. The SIFT-MS shall be in MIM mode for the duration of volatile gas analysis. SIFT calibration will be done with breath acetone the base parameter to ensure a water content level of 6 +/-0.1%. All recorded data shall be stored on a designated computer linked to the SIFT-MS machine
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