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Abstract

The human breath contains indicators of human health and delivers information about different metabolism processes of the body. The
detection and attribution of these markers provide the possibility for new, non-invasive diagnostic methods. In the recent study, ion mobility
spectrometers are used to detect different volatile organic metabolites in human breath directly. By coupling multi-capillary columns using ion
mobility spectrometers detection limits down to the ng/L and pg/L range are achieved. The sampling procedure of human breath as well as the
detection of different volatiles in human breath are described in detail. Reduced mobilities and detection limits for different analytes occurring
in human breath are reported. In addition, spectra of exhaled air using ion mobility spectrometers obtained without any pre-concentration are
presented and discussed in detail. Finally, the potential use of IMS with respect to lung infection diseases will be considered.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction breath; some are correlated to various common disorders like
diabetes, heart disease and evaluation of lung cdhter
It is well recognised in the medical community that hu- The composition of different constituents in respired air

mans exhale volatile compounds which potentially carry im- is representative for blood borne concentrations detected
portant information about the health status of the humans.through gas exchange at the blood/breath interface in the
Thus, a successful detection of potential products of differ- lungs[2]. Thus, the presence and also the quantitative vari-
ent metabolic processes becomes attractive if the detectiorations of specific volatile organic compounds (VOCSs) in
limits of the spectrometric methods used are low enough andrespired air are directly linked to VOCs in the blood, which
the instruments becomes available on moderate price levelds in contact with diseased tissues or organs. On the other
to be used as standard methods in hospitals. The vision ofhand, metabolites derive from local bacterial infections in
the authors is to contribute to use human breath as carrierthe airway system can be also detected using the breath. In
of information of the health status of the body in addition to hospitals, pulmonary infections carry a significant risk for
human blood and urine. people with weak immune systems especially for long-time
Human breath contains numerous volatile substancesinhaled and post-operative patients.
derived from both endogenous metabolism and external ex- Investigations of breath were carried out using different
posure to vapours and gases and their metabolites. Approxitechniques. The most popular sampling method is the use of
mately 200 different compounds have been detected in humanTeflon bags into which the subject expels the air. The com-
ponents of the exhale are then collected using a sorbent-trap
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reported3,4]. This is a rather time consuming process with  Conventionally, IMS comprise g-radiation (typically®3Ni)

numerous steps which may lead to loss of analjgéy. Sev-  source. The ions are then injected into the drift tube by open-
eral substances may adsorb on the surface of théfagch  ing the shutter grid periodically and travelled through the drift

part can be significant, particularly if trace levels of analytes region within a constant electric field against a counter-flow
should be quantified. of neutral gas (e.g. drift gas) to the ion collecfp®,20] A

In the literatures the number of the different compounds high rate of collisions caused by such ions in the drift gas
analysed from the exhaled air and their quantities can alter prevents the possibility to get neutral molecules into the drift
with the applied sampling and analytical methods. In the most region and to build clusters. lons are then selectively detected
cases, the major VOCs in the breath of healthy individuals on the basis of their unique drift times during the flow through
found are isoprene (12-580 ppbacetone (1.2-1880 pph the drift tube. The mobility of the analyte ions is determined
ethanol (13-1000 ppb, methanol (160-200 pph All are from the drift velocity attained by ions in the electric field of
products of the normal metabolic procesfs the drift region at atmospheric pressure, which is in the range

For the majority of the potential analytical methods for of 100-350 V/cn{18].
breath analysis, the high moisture content of the breath sam-  Because of the limited selectivity of the IMS, especially in
plesis aprominent problem. Itcan bother the sensitivity or the the case of the detection of complex mixtures a pre-separation
water should be frozen by using liquid nitrogen as cryo-trap becomes helpful. For this reason, IMS are often coupled with
necessary to use GC-MS effectively. Because of the statusstandard gas Chromatographic CO|UI’{Q]35]. Actua”y’ with
as laboratory instruments, which are comparatively large andrespect to the analysis of exhaled air GC-IMS (or even a
expensive and offer an analysis time approx. 40-90 min (de- GC—MS) are not sensitive enough to obtain results by direct
pending on the different sample preparation steps), a need folinjection of the breath samples into the spectrometer, due to
instruments applicable for direct and on-line analysis of the the very low concentration of the most breath constitutions
breath exists. If the sample handling procedure steps could benormally occurring in low pppand ppy ranges.
minimised, no additional laboratory steps becomes necessary |n the present case, so called multi-capillary columns
and no additional carrier gas supplies like high purity nitro- (MCC) originally developed by the military of the former
gen or helium as used in GC-MS are necessary for effective USSR should be considered because of the potential advan-
breath analysis procedures. In such cases, the investigationgages like a comparatively high flow rate and a high sample
on humans could be handled direct in the hospitals by stan-capacity in comparison to single narrow-bore coluriz
dard personal. are achieved. The MCC could be used for the direct injection

On the other hand, in the recent years ion mobility spec- of higher sample gas volume into the column, especially in the
trometers (IMS) become comparatively small and effective range of 10-50 mL. The high carrier gas flow, normally be-
devices to determine traces of quantities of VOCs down to the tween 50 and 200 mL/min enables anisothermal separation of
low pphy, range, especially in a[®]. The primer advantages  vVOCs at ambient temperature. This is an important question
of IMS are that there is no vacuum required for the operation with respect to the design of portable instruments, because
and ambient air can be used as carrier gas. As a consequencen oven requires huge place, within a stable temperature pro-
the IMS can be miniaturised, which provides a benefitin the gram is insured.
commercialisation of the system in comparison to other on-  Such MCC consists of a bundle of capillaries made from
line techniques applied in the research for breath detection,over 1000 individual capillaries, formed in a single small
like PTR-MS[10] and SIFT-MJ11]. tube. The standard sizes of such a MCC is 50-300 mm

World wide, more than 50,000 IMS units are in service, in length and approx. 3mm in bundle diameter which are
especially to detect chemical warfare agents, narcotics andadequate for packing portable instruments such as GC-IMS
explosiveq12]. The instruments available on the market are [23]. The stationary phases of the capillaries are conven-
handheld, to¢13]. tional bonded silicones. Nowadays, MCC have become

In the most recent years, miniaturised IM$4-17] commercially available with a range of different stationary
should be considered with respect to the potential for the phases[24-26] Thus, because of the high capacity, the
analysis of rather complex mixtures of analytes as occurring gas flow conditions of MCC are comparable to IMS gas
in human breath. flows and retention times achieved at ambient temperature

The analysis with ion mobility spectrometers is based on in the range of minutef27] make the MCC favourable for
characterising chemical substances through their gas phaseombinations with IMS.

ion mobilities in weak electric fields. Normally, an ion mo-
bility spectrometer consists of an ionization chamber with a
B- or UV-radiation source, an ion-molecule injection shutter
(e.g. Bradbury—Nielsen-shutter), an ion drift tube and an ion
collector (Faraday plat¢)8]. 2.1. Instrumentation
A carrier gas, typically air on nitrogen transports the

vapour analyte molecules into the ionization chamber, where  Forthe measurements described below, a custom designed
they are ionised through a series of ion-molecule reactions.IMS equipped with radioactive ionization source was used

2. Experimental
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