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Introduction
Selected ion flow tube mass spectrometry (SIFT-MS) is a 
relatively new analytical technique which offers real time 
identification and quantification of trace gases. It has the 
ability to detect and quantify the volatile organic com-
pounds (VOCs) in various media such as liquid headspace 
and breath, thus opening up many new opportunities in 
medical research. NZ was a recipient of one of the world’s 
first miniaturized SIFT-MS instruments that has been situ-
ated at the Christchurch Hospital since 2005. Herein we 
report on progress in the medical applications of SIFT-MS 
in this country.

The selected ion flow tube technique was developed ini-
tially in England in 1976 from modifications to a flowing 
afterglow system for studying gas phase kinetics. SIFT 
methodology was applied to investigate reactions between 
ions and neutral molecules in the gas phase.1 A swarm of 
mass-selected reagent ions are carried by fast flowing he-
lium into a flow tube where reactant neutral molecules are 
introduced at a controlled flow rate into the carrier gas. 
An ion-neutral reaction takes place and product ions are 
formed with all ions detected and counted via a second 
analytical mass spectrometer located downstream from the 
sample inlet. Under tightly controlled conditions, the rate 
coefficients for the reaction can be calculated from the de-
cay of the reagent ion and the growth of the product ions.2 
This technique superseded flowing afterglow to become a 
standard method to study ion-neutral reactions at thermal 
interaction energies that are applicable in naturally occur-
ring ionized media such as interstellar clouds and our iono-
sphere. Several laboratories around the world, including 
ones in NZ have established a large kinetics database and 
a better understanding of ion-neutral reactions using SIFT 
technique.3

The potential for adapting SIFT methodology to the trace 
gas analysis of air and breath (now known as SIFT-MS) 
was realised in 1996 by combining the use of NO+, O2

+ as 
well as H3O

+ ions as the chemical ionization agents.4 These 
three ionic species can be created simultaneously by mi-
crowave discharge using humid air as the ion source gas. 
They do not combine with major ambient gases, but react 
rapidly with most VOCs within milliseconds. This allows 
for the detection of rapid changes in test sample analyte 
concentrations in real time. Since then, the relevant kinetic 
parameters obtained from measurements of the reactions of 
these reagent ions with a number of organic molecules have 
been obtained. These results provide a database for SIFT-
MS trace gas analysis in a large variety of applications.5 
Therefore, accurate identifications, and absolute concentra-
tions can be detected using SIFT-MS under well-defined 
experimental conditions and with calculations utilizing the 
database of reaction rate coefficients.6

Herein we report the development of SIFT-MS in New Zea-
land, with special focus on medical applications. The first 
reported physiological study using SIFT-MS in this coun-
try7 measured breath trace gases during exercise in 2000. 
However, the expansion of SIFT-MS applications here had 
a much earlier beginning.

After attending an enlightening lecture by David Smith 
(University of Keele) on the new SIFT-MS technique for 
breath analysis at the Christchurch School of Medicine, 
Randall Allardyce of Christchurch School of Medicine 
(Otago University) began cooperative studies in 1998 with 
Murray McEwan of this Department in the medical appli-
cations of SIFT-MS. They began studying the plume gas 
of bowel cancer patients using SIFT-MS with Big Bertha 
(the version of the SIFT instrument at Canterbury Univer-
sity) which took up an entire five meter long laboratory. In 
2000, David Smith, Patrik Španěl, and Murray McEwan 
cooperated in constructing a smaller version of a SIFT-MS 
and in 2002 Canterprise (the technology transfer office of 
the University), founded Syft Technologies Ltd. to com-
mercialize the technology and develop SIFT-MS applica-
tions. The first commercial VOICE100™ version of the 
instrument (about the size of a photocopier) was launched 
in March 2005. One of the major applications of this instru-
ment has been to detect and measure fumigant levels within 
transport containers shipped into seaports. Other applica-
tions include the analysis of soil and seabed hydrocarbons 
in oil and gas exploration,8 environmental monitoring,9 oc-
cupational hazards,10 food and flavour analysis,11 detection 
of explosives,12 chemical weapons, narcotics,13 and bio-se-
curity risks.

Since receiving a FRST Research for Industry (RFI) grant 
to develop medical application products, SIFT-MS has 
made significant contributions to the real time detection of 
biomarkers in the clinical areas and it is these applications 
that form the focus of this article. In July 2007, a new gen-
eration of the SIFT-MS instrument, the VOICE200®, was 
released, which is lighter, more sensitive, and more por-
table than its predecessor. It has been fitted in a van and 
driven to local primary schools to survey the breath profiles 
of 230 school children. Additional cooperative studies are 
currently being carried out between Syft Technologies and 
renal, respiratory, intensive care, and surgical clinical re-
search groups at the Christchurch School of Medicine.

Selected Ion-Flow Tube Mass Spectrometry 
(SIFT-MS)
The technique, principles, and theories of SIFT-MS have 
been detailed in other papers and in several reviews.2.14 A 
brief description of the technique is presented here and a 
schematic diagram of the SIFT-MS device is shown in Fig. 
1. The reagent ions H3O

+, NO+ and O2
+ are produced by 

a microwave discharge of humid air and then focused by 

A
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ion lenses into a quadrupole mass spectrometer and mass 
selected. The mass-selected reagent ions are then injected 
into a fast-flowing stream of carrier gas through a Venturi 
orifice. The gas containing the analyte or VOC is introduced 
through a heated sample inlet into the flow tube at a known 
flow rate via a calibrated capillary. The precursor ion then 
undergoes a chemical reaction with the sample forming 
new product ions. At the downstream end of the flow tube, 
both the precursor and product ions are focused via electro-
static lenses into a second quadrupole mass spectrometer 
for mass analysis, and subsequently counted for identifica-
tion and quantification. The analyte in the sample can be 
identified by comparing the observed product masses with 
the database of precursor ion-VOC reaction products. The 
concentration of the analyte in the sample can be calculated 
from the ratio of the number densities of ion products to 
precursor ions and the known experimental parameters and 
reaction rate coefficients. An example of breath profiles 
measured in the SIM mode comparing the concentrations 
of acetonitrile, acetone, hexanal, and isoprene in exhala-
tions of a smoker versus a non-smoker is shown in Fig. 2.

Fig. 1. Schematic diagram of SIFT-MS (reproduced with the per-
mission of Syft Technologies Ltd.).

Fig. 2. Breath profile of smoker verse non-smoker (reproduced 
with the permission of Syft Technologies Ltd.).

For medical applications, SIFT-MS has several major ad-
vantages over other analytical techniques, such as GC-MS, 
ion-mobility spectrometry (IMS) and proton transfer re-
action mass spectrometry (PTR-MS).15 It offers real time 
detection and quantification of test samples regardless of 
humidity, and without any requirement for pre-concentra-
tion or sample preparation. It can detect several target com-
pounds simultaneously or record full profiles over a select-
ed mass range. The combination of three precursor ions, 
which react differently with the sample molecules, provides 
internal verification for accurate compound identification 
and the ability to distinguish between some isobaric and 
isomeric compounds.16 For example, acetone and propanal 
(C3H6O) both result in product ions at m/z 59 (M+H)+ by 
proton transfer from the H3O

+ ion. However, NO+ reacts 
with acetone via addition to form m/z 88 (M+NO+), but re-
acts with propanal via hydride ion transfer to form (M-H)+ 
at m/z 57. O2

+ offers further verification because acetone 
undergoes a charge transfer reaction with partial disso-
ciation resulting in MeCOMe+ (m/z 58) and MeCO+ (m/z 
43). The O2

+ precursor characteristically undergoes charge 
transfer reactions with some compounds which do not react 
with either H3O

+ or NO+, e.g. NO, NO2 and some smaller 
hydrocarbons.17 Moreover, it reacts with NH3 in a range of 
humid samples such as urine, blood headspace, and breath 
to provide verification for ammonia quantification using 
the H3O

+ precursor. With H3O
+ precursor ions, hydrated 

ions like [H3O
+.(H2O)n] (n = 1-3) and (MH+.H2O) are also 

formed in a sample of air. These provide extra assistance 
in compound identification and establishing the humidity 
of the sample.18

The SIFT-MS instrument usually operates in one of two 
modes. The first is the selected ion monitoring mode 
(SIM), where only count rates of selected precursor ions 
and product ions are monitored simultaneously. The con-
centration of the target compound is calculated each time 
all the precursor and product ions are counted, resulting in 
a real time response to any changes in the target concentra-
tion. The sampling time between each data point depends 
largely on the collective monitoring time of the precursor 
ions (typically 25 ms each) and the product ions (typically 
100 ms each). It is possible to quantify a large selection 
of target compounds; however, the more ions that are in-
cluded per cycle, the longer the sampling time required be-
tween each cycle. This SIM mode is ideal for monitoring 
specific biomarkers in breath, such as ammonia, acetone, 
and isoprene.

When a large number of product ions are required to be 
monitored, or potential biomarkers are unknown, it can be 
more practical to operate under the second mode, which is 
the full mass-scan mode (MS). In the MS mode, a complete 
mass spectrum is obtained by sweeping the downstream 
quadrupole over a selected mass-to-charge (m/z) range for 
a chosen time with a chosen precursor ion. In this mode, 
the electronic settling time for the quadrupole to switch 
between difference masses is minimized. As the full mass 
spectrum of the sample gas is collected, it is possible to 
compare the mass profile of different samples using clas-
sifying algorithms.19 A study on the use of VOC profiles 
obtained from breath samples analysed by GC-MS has 
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been reported for the diagnosis of lung cancer.20 Studies 
are currently underway utilizing a classifying algorithm to 
compare mass profiles of control groups of breath samples 
in order to establish possible mass profile classifications 
and identify potential biomarkers for clinical conditions.

Applications to Medical Diagnosis
As discussed, the high sensitivity (detection range: 50 
pptb to 40 ppmv), and real-time non invasive monitoring 
of breath samples by SIFT-MS make the methodology 
particularly applicable to medical testing.21 Since the es-
tablishment of SIFT-MS testing capabilities in NZ, there 
have been several studies carried out which highlight the 
advantages of this technique.

Identification of infection
SIFT-MS can be used to quantify a number of VOCs in a 
single assay; this trait can be used to identify organisms or 
diseases by characterizing a specific VOC fingerprint. For 
example, Scotter et al.22 found that it was possible to distin-
guish between several medically important fungi because 
the presence and quantity of the VOCs produced during 
culture varied. Although the presence of ethanol, methanol, 
acetone, acetaldehyde, methanethiol, and crotonaldehyde 
was dependant on the culture medium, there is potential for 
species specific identification which would enable targeted 
treatments.

Similarly SIFT-MS has been used to detect VOCs produced 
by bacteria. The high sensitivity of SIFT-MS compared to 
conventional blood culture systems, e.g. BacT/ALERT, 
makes earlier diagnosis of bacteremia (the presence of vi-
able bacteria in the circulating blood) and identification of 
bacteria from the metabolic VOC fingerprints possible, if 
several VOC are analysed.23 The early detection and iden-
tification of aerobic and anaerobic blood infections based 
on SIFT-MS technology provides clinical advantages over 
conventional methods. It may also be possible to extend 
this application to predict antibiotic susceptibility by moni-
toring changes to the bacterial VOC profile in the presence 
of antibiotics.24 Potentially, SIFT-MS breath testing of pa-
tients could also be used to diagnose the presence of bacte-
rial or fungal infection.

Monitoring exposure
The measurement of exposure to solvents in the workplace 
is receiving increasing attention by occupational health and 
safety regulators. SIFT-MS provides a rapid, accurate, and 
inexpensive method to monitor biological levels of sol-
vents in the headspace of urine, saline, whole blood, red 
cells in saline, and plasma.25 The instrument has sufficient 
sensitivity so that no pre-concentration of the samples are 
required, and several solvents can be monitored simultane-
ously if required. This leads to results being reported much 
more rapidly than by existing GC-MS methods.26

We have used SIFT-MS to quantify the amount of metha-
nol, methyl ethyl ketone (MEK), and acetone in the head-
space above urine that had known amounts of the solvents 
added. As expected, there is a linear relationship between 
the concentration in the urine and the amount measured in 
the headspace.26 Similarly, Wilson et al.27 measured the eth-

anol present in the headspace of blood and aqueous sam-
ples that contained known amounts of ethanol and found a 
linear correlation.

Real time analysis by SIFT-MS allowed this last group28 
to follow the decay of solvent levels after controlled ex-
posure. The decay of xylene and mesitylene quantified in 
breath samples was fitted to a two compartment model. 
Concurrent blood samples were taken and it was shown 
that the amounts measured in the blood headspace and 
breath samples correlated. The amounts measured in the 
breath samples were about two-fold higher, which prob-
ably reflects the low solubility of the chemicals in blood.28

Commercially available Tedlar bags have been used to col-
lect then transport samples to the SIFT-MS instrument when 
direct analysis is not possible. This technique was used to 
determine the VOC present in surgical plumes. Mass scans 
were used to determine VOC of interest, followed by SIM 
scans to accurately quantify the concentrations present of 
these and previously determined compounds. The VOCs 
produced included cardio-toxic HCN and carcinogenic 
buta-1,3-diene. However, the concentrations of these com-
pounds within the surgical plume were less than those pro-
duced by a cigarette.10

Breath Analysis
Respiratory inflammation
Volatile halo-amines have been proposed as markers of eo-
sinophil and neutrophil inflammation, however, their low 
concentration and reactivity in breath had previously made 
detection difficult. SIFT-MS has been used to measure sev-
eral highly reactive, rapidly decomposing VOCs of interest. 
In addition, it has been shown that SIFT-MS has the sensi-
tivity to quantify monobromamine (NH2Br), monochlora-
mine (NH2Cl) and dichloramine (NHCl2) in breath.29

Dialysis efficacy
As discussed previously, two modes of operation are pos-
sible with SIFT-MS: a screening mode, which uses a full 
mass scan, or the selected ion monitoring (SIM), which tar-
gets VOCs. The mass scan mode of SIFT-MS lends itself 
to the identification of volatile biomarkers, often present 
in trace amounts that are not detectable by other methods. 
Comparison of mass scans collected at different stages of 
a disease, or before and after interventions, can result in 
the identification of biomarkers for these conditions. The 
development of a classification algorithm has simplified 
this process.19

The mass scan algorithm has been used to determine which 
VOCs are most affected by dialysis. Change analysis of 
density profiles of mass scan VOCs pre- and post-haemo-
dialysis showed that, in breath samples, ammonia was the 
marker exhibiting the greatest change. Breath ammonia was 
then monitored by SIM scan prior to and after the comple-
tion of dialysis. Traditionally dialysis efficacy is monitored 
by measuring the urea reduction ratio which requires mea-
surement of plasma urea concentrations pre- and post-di-
alysis. Laboratory turn-around times for this test means that 
results are not available until the following dialysis session, 
and the invasive nature of the blood samples makes moni-
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toring dialysis during the session difficult. SIFT-MS analy-
sis of breath ammonia occurs in real time during the dialy-
sis session, and is non-invasive so can be used to optimize 
the length of dialysis treatments.30

The mass scan mode has also been used to determine po-
tential sources of interference in breath analysis. Epton et 
al.31 investigated the m/z values most likely to appear after 
the use of CFC inhalers after noticing new masses present 
in the mass scan from a volunteer who had recently used 
the medication. The ions present were consistent with the 
predicted spectra of several freons present in the inhalers. 
The measurement of VOCs with similar masses would be 
affected by the presence of these compounds, and without 
the mass scan ability of SIFT-MS this interference may 
have gone undetected.31

Biological processes
The rapid analysis achieved by SIFT-MS is beneficial for 
monitoring the changes in biological processes. Changes to 
isoprene, ethanol, and acetone were quantified after ciga-
rette smoking, and the effects of exercise on breath VOC 
have also been investigated.13

Ammonia, acetone, and isoprene vary with time during ex-
ercise, in particular breath acetone increased for most sub-
jects and isoprene concentrations decreased.7

Conclusion
Real time analysis of breath samples, and rapid analysis, 
without sample preparation, of the headspace of blood 
or urine by SIFT-MS are proving to be valuable tools for 
medical diagnosis and the monitoring of disease. The SIM 
mode is ideal for quantifying known biomarkers, and the 
mass scan mode has made it possible to identify previously 
unknown markers. Bedside testing will become a reality 
when the instrument is further reduced in size thereby in-
creasing the possible applications of SIFT-MS by allowing 
breath analysis of immobile patients. Since its establish-
ment in NZ, SIFT-MS has proved to be a useful technique 
in medical applications, and future work will expand upon 
these to build the capabilities of SIFT-MS in the medical 
field.
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