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Abstract

The analysis of volatile organic compounds (VOC) has witnessed an enormous boost over the past decade, as this substance group ha
received broad attention regarding indoor air quality and disease screening. This review addresses the medical applications of proton transfer
reaction-mass spectrometry (PTR-MS) in the fields of risk environment monitoring and diagnostic breath sample analysis.

The major advantages of PTR-MS are its ability to perform rapid measurements as needed for the quick evaluation of screening samples,
and even on-line VOC profile assessment. This may be of considerable importance in the investigation of rapidly changing air contamination
patterns. Sources of contamination could be unveiled in operating theatres, post-anesthesia care units, and medical sterilization wards using
PTR-MS.

In the field of breath analysis, PTR-MS has been employed to investigate exhaled concentrations of isoprene, methanol, potential tumor
markers, and volatile anesthetics.

In conclusion, PTR-MS offers highly sensitive and rapid determinations of VOC profiles as compared to other methods of detection. PTR-
MS therefore basically meets the needs of a screening method. The potential of directly mirroring serum concentrations of diverse substances
in real-time makes breath analysis a highly promising field of research.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction screening methods for metabo]i] and neoplastic diseases
[3]. It is the aim of this review to present the applications
The analysis of volatile organic compounds (VOC) has of proton transfer reaction-mass spectrometry (PTR-MS) in
witnessed an enormous boost over the past decade, withthe surveillance of risk environments, and diagnostic breath
the number of manuscripts published annually in connec- analysis.
tion with VOC analysis rapidly increasing. For example, a
simple MEDLINE search for the term VOC revealed 17
manuscripts published by 1980, 84 publications by 1990, 2. Supervision of medical risk environments
and 1108 hits by 2004. The medical importance of VOC has
been acknowledged in the context of ambient air analysis  Most people in industrialized countries spend a large pro-
[1]. Furthermore, an enormous potential of VOC analysis in portion of both their work and free time indoors. Over the
breath samples has been suggested in attempts to developast decade, however, the quality of indoor air has been the
subject of numerous studies. VOC, a collective of hydrocar-
* Corresponding author. Tel.: +43 512 504 2400; fax: +43 512 504 2450. PONs abundantly present in ambient air, has been conjectured
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building syndrome and decreased air quality. VOC as- 2.2. PTR-MS and occupational exposure to volatile
sessment is especially important in areas associated with in-anesthetics
advertent occupational exposure to volatile agents, as, e.g.,
operating theatergl]. PTR-MS was employed to monitor occupational exposure
of personnel to volatile anesthetics in post-anesthesia care
2.1. Occupational exposure to volatile agents in medical  units (PACU)[6]. These workplaces are of considerable in-
settings terest since postoperative patients continue to exhale volatile
anesthetics, and ventilation may not be as closely monitored
It is widely acknowledged that personnel working in op- as in operating roomgl9]. Online analysis of ambient air
erating rooms and post-anesthesia care units are exposeth two PACU revealed an occupational burden of volatile
to a variety of noxious agen{d]. Due to the specific na-  anesthetics correlated with patient turno{@r. Short-term
ture of general anesthesia, and despite improved ambientpeaks could be retrospectively linked to times of patient ar-
air control, medical personnel working at operating rooms rival and/or extubation at the PACU. Of notable interest in
is still permanently{5] exposed to traces of volatile anes- this study was the observation of increasing concentrations of
thetics [6]. Although it has not been ruled out that these anesthetic in ambient air during the night-time and a sudden
halogenated agents, related to chemical solvents, may causdecrease at a constant time-point in the morning sgel).
adverse health effects upon medical personnel, they still en-This was subsequently ascribed to a faulty programming of
joy widespread usg’]. The potential risks of occupational room air exchange capacity, which had not been spotted by
exposure to trace anesthetic gases are still controversiallythe single control measuremeif&$.
discussed4,6]. One of the first reports to spawn serious Similarly, PTR-MS has been employed for surveillance of
concerns about the workplace safety of volatile anesthet- medical sterilization unitf24]. Also in this case, a consider-
ics was the description of higher rates of spontaneous abor-able source of pollution in the form of a leaking sterilization
tions in Russian anesthetig®]. The potential of interac-  oven was demonstrated. The latter findings highlight one of
tions between volatile anesthetics and human reproductionthe major advantages of PTR-MS analysis, namely the ability
has since been the subject of numerous stugliekl]. Husum to correlate on-line measurements with activity proto{@js
et al. and Hoerauf et al. reported increased rates of sister-Thus, sources of indoor air pollution can be unveiled far more
chromatid exchange elicited by exposure to concentrationseffectively than using cumulative measuremg6t24,25]
of volatile anesthetics in vivo and in vitrfd2-14] More- However, it has been suggested that the increasing tech-
over, halogenated anesthetics have been implicated in pe-nical possibilities for supervision of risk environments may
ripheral lymphocyte apoptosis and may thus, in principle, lead to a considerable increase in costs. These costs would
contribute to perioperative leukoperib]. Finally, recent arise from more elaborate devices employed for supervision
evidence has conjectured volatile anesthetics in the patho-tself, and from subsequent adaptations in ambient air control
genesis of multiple sclerosj6]. Therefore, national public  systemg26]. Yet, in the context of ambient air analysis, such
health authorities such as the National Institute of Occupa-
tional Safety and Health (NIOSH) have introduced thresh-
old values for ambient air regulating occupational expo- 300
sure over a given time peridd7]. Current literature states THURSDAY [FRIDAY  |sAaTuRDAYlsunpay  [MoNDAY
that strict adherence to these limits should ensure satisfac- 59|
tory workplace safetyf18]. However, poor{19] or faulty
[6] ventilation may lead to undesirably high levels of ex-
posure. Unfortunately, even today, a high number of health 3
care facilities still seem to fall into the latter categd8y.
Therefore, it should be considered imperative to enhance.
surveillance of risk environmen{§]. Occupational expo-
sure to volatile anesthetics has been previously determinec
by gas chromatographic and infrared spectrometric mea-
surements of ambient aj6,17]. However, thus far, direct
in vivo measurements of volatile anesthetic kinetics have
only been carried out in intubated patients during controlled K)M e
ventilation in order to determine approximate end-tidal con- %0 20 50 80 100 120 140 160
centrationd20] and, utilizing gas chromatography, in urine time [h]
of exposed personn§21,22] even though the importance
of both real-time measurements in ambient air and mea- Fig- 1. Concentration of sevoflurane at a postanesthesia care unit (PACU)
surements of exhaled air had been emphag22®3} Re- during routine service, taken with permission from Rieder €63l Vertical

. . . lines indicate 6:00 a.m. Faulty room air exchange programming lead to
cently, studies utilizing PTR-MS contributed to both of these unrecognized system shutdown during the night with subsequent increase

areas. of trace gases (see text).
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an assumption may be premature, as it has been calculate’z’ 2.5 S S SRS
that coupling of on-line ambient air monitoring systems such
as PTR-MS to room air exchange systems may, in fact, de-
crease cost]. This may best be deducted from the tracing
of the time-course of sevoflurane iig. 1 Note the long
intervals of minimal occupational exposure to sevoflurane,
interrupted by rapid spikes in ambient air concentration. The
authors calculated that during about 40% of the time, ambient
air turnover would not need to be at maximum capacity, and
hence costs on ventilation may in fact be economized. If the
weekend with its decreased patient turnover were included _ , _ ,
in the aforementioned analysis, this share would even rise tOF'g'Z.' T_|me-course of sevofluranein exhaled alrofOR persopnel,takenwnh
permission from Summer et §]. Analysis of variance with adjustment for
70%[6]. within correlation showed a highly significant time-effect. Data are given as
In analogy to the latter study, PTR-MS has also been de- meant S.D.AbbreviationsBD; before duty, AD:; after duty, D + 1/2/3 duty
scribed to allow for precise measurements of volatile anes- plus 1/2/3 h, respectively, ND; next day.
thetics in operating roonj&7]. Also in this environment, the
real-time nature of recordings allowed for a correlation be- during the postoperative days 1-5. It could be demonstrated
tween rapidly changing concentrations of volatile anesthetics that expiratory concentrations of sevoflurane were signifi-
and the source of contamination, i.e., anesthetic interventionscantly higher than those of isoflurane at all time points. Nev-
such as endotracheal intubation and mask ventild#i@h ertheless, parallel physical and psychological performance
However, as mentioned above, PTR-MS is not only a valu- tests yielded superior results in the sevoflurane group, espe-
able tool in the surveillance of room air exchange, but its cially in the early postoperative period. These results indicate
sensitivity also allows insights into the pollution profile of that sevoflurane may be the preferred volatile agent in day
medical procedures such as the securing of a safe patient'sare anesthesi@9]. The higher concentrations of sevoflu-
airway. For example, Rieder et al. compared the oropharyn-rane in exhaled air seem to affect patients less severely than
geal leakage of trace anesthetic gases of two commonly usedhe (lower) isoflurane trace concentrations.
airway management devices, the laryngeal mask airway and Thus, the possibility to accurately measure volatile anes-
the uncuffed endotracheal tuf28]. thetics in exhaled air coupled with, e.g., psychometric
Based on the listed findings, may be deducted that sin-tests can be expected to significantly increase insight into
gle isolated measurements of ambient air quality, as they areconcentration-dependent effects of these agents upon body
widely performed to assure satisfactory control, are not sen-function in the early postoperative period. Complementing
sible, since rapidly changing concentrations are lost in the urinary measurements, which may offer advantages in ret-
crude temporal resolution of, e.g., intermittent measurementsrospective analysis of occupational exposure over periods of
over the course of 1 dgg]. In this sense, PTR-MS real-time  hours and dayf22], rapid analysis of volatile anesthetics in
ambient air biomonitoring may represent one valuable alter- exhaled air may serve as a mirror of short-term (minutes,
native to determine concentration and time-course of volatile hours) changes in metabolic pathw§k As one prominent
organic compounds at risk environments. feature of volatile anesthetics with a low molecular weight
The evidence yielded from ambient air studies would re- (i.e., below 200 Da) is a quick traversion of the alveolar mem-
main circumstantial without in vivo measurements correlat- brane, direct correlations of exhaled anesthetics with corre-
ing these concentrations to effects. This was until recently sponding serum levels are conceivable and will thus be the
impeded by methodological problems in the assessment ofsubject of further investigatioris].
pulmonary volatile anesthetic excreti@?2]. However, the
ability to investigate this route of excretion would be of con-
siderable interest since it is predominant in vj2@]. 3. Diagnostic sample analysis
Summer et al., therefore, employed PTR-MS to detect ex-
haled concentrations of the halogenated anesthetic sevoflu3.1. Potential implications of diagnostic breath sample
rane in exhaled air of OR personiiB]. The principal result  analysis
of this study was the first depiction of sevoflurane uptake
and excretion dynamics in exhaled breath of operating room It has been common knowledge among physicians since
personnel. After completion of operating room duty, operat- the earliest days of medicine that various medical conditions
ing room staff featured concentrations of sevoflurane signif- are associated with characteristic odors. The substances prin-
icantly elevated as compared to baseline values and controkipally involved in the generation of odors are the afore-
group measurementBi@. 2). mentioned volatile organic compounds (VOC). The latter
Similarly, Roithmeier et al. investigated changes in the ex- are present in body fluids and detectable in human breath
haled profile of the volatile anesthetics sevoflurane and isoflu- in patterns depending upon nutriti¢80], diseasg31,32],
rane in day-case surgery patiefi2®] before surgery and  and physical activity33]. Furthermore, exhalation rates of
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individual, blood-borne, VOCs in human breath are depen- S I L L L L AL LML I AL 120
dent upon Henry's constant and, therefore, molecular weight __ 180'_ . e o
and hydrophobicity34]. Therefore, determination of VOC ‘EE I "o 1"
profiles in exhaled breath may represent a valuable diagnostic% S o r_ °
screening tool for a variety of metaboJ®1,35] and neoplas- & & =¥
tic [3,33] diseases. This is especially tempting with regard to § £ [ 2 %
PTR-MS, since this appliance would allow for a rapid analy- % S 1ol RS
sis of large number of samples, and could hence be employecg g g " é
as a screening to¢B3]. w | tof £ § X
s G
3.2. Diagnostic sample analysis of methanol and 80_' H " 1™ = §
isoprene 60 ] S
29.630.6 1.7 2.7 3.7 4.7 5.7 6.7 7.7 8.7 9.7 10.711.712.713.714.715.7 -
date

Methanol and ethanol were among the first substances to
be investigated in depth using PTR-M$0,36} Whereas Fig. 3. Breath isoprene and serum cholesterol and low-density-lipoprotein
ethanol had been studied previously, simultaneous analy-(LDL) levels in an individual undergoing treatment with atorvastatin (Lipi-
sis of methanol was, until recently, virtually impossible us- tor), taken with permission from Karl et gR]. Isoprene levels are plotted
ing conventional mass spectrometric methods, since the en-'S: décreases in blood cholesterol levels.
suing fragmentation superposed individual molecular rudi-
ments[36]. Methanol has been shown to be a multipotential breath isopreneRg. 3), although the exact mechanism of
carcinogenic agerj87]. Therefore, additional means of elu-  this consensual decrease could only be speculated upon.
cidating its role both in colonic physiology, neoplastic dis- In turn, PTR-MS analysis could further reveal that the
ease, and liver degeneration are of significant importancedetermination of breath isoprene content is associated with
[36]. Breath-based analysis by PTR-MS may, in principle, several potential pitfalls, the mostimportant of which is prob-
be employed to test inborn variations in the metabolic path- ably due to its low Henry’s constant (0.029 M/af#}). This
ways of alcohol breakdowf86]. Similarly, the endogenous  constant governs the readiness of a given substance to cross
production of methanol subsequent to the ingestion of fruit the alveolar membrane. Therefore, a rapid reaction to alter-
has been investigated using PTR-}88]. Investigations us-  ationsin cardiovascular parameters characterizes exhalediso-
ing PTR-MS could reaffirm the previously stipulat§2B] prene concentration was demonstrated using real-time PTR-
endogenous methanol production within the human body of MS breath analysif2]. Subsequently, studies investigating
some 0.3 mg/l/h of methan{80]. It could further be demon-  isoprene should be guided by strict and comparable sampling
strated that this endogenously yielded amount is significantly procedures to minimize the influence of cardiovascular pa-
increased following the consumption of fruit. These increases rameters upon test resul83,35] One recent study into VOC
subsequent to ingestion of fruits containing pectin have beenkinetics carried out by Capodicasa et al. found dramatic rises
proposed as an alternative hypothesis on the pathogenesis ah the VOC isoprene by a factor of up to 2.7 in end-stage renal

non-alcoholic liver disead@0]. disease patients undergoing hemodialysis (HD). Isoprene had
been controversially discussed as a marker of oxidative stress
3.3. Isoprene analysis in exhaled breath [42,43] Lirk et al. aimed to investigate in detail the kinetics

of isoprene in 50 patients scheduled for elective hemodialy-

Another compound readily accessible to analysis using sis using PTR-MS for sample analysis. In concordance with
PTR-MS is isoprene, one of the most abundant VR previous literature, a highly significant elevation of breath
Taucher et al. first described the detection of isoprene in isoprene levels following HD could be demonstrated; with a
exhaled air using PTR-M$39]. Isoprene is most proba- mean quotient of 1.84 1.41 comparing values before and
bly synthesized via the isoprenoid pathway, and its synthe- after HD. Large interpersonal variations in isoprene kinetics
sis most probably predominantly takes place downstreamcould be observed. The mandatory resting times introduced
of the pacesetter enzyme regulating cholesterol biosynthe-to assure basal blood pressure and breathing rate values lead
sis, the hydroxyl-methyl-glutaryl-co-enzyme A reductase to lower values of isoprene than previously determif#jd
(HMG-CoA reductase}35,40] Based upon these assump- Taking into account the variables ambient air, lipid-lowering
tions and the readiness of isoprene to cross the alveolar bardrugs, heart rate and blood pressure, and membranes of dif-
rier, a “mirror” function of isoprene for in vivo biosynthesis ferent biocompatibility, the previously reported increase in
of cholesterol has been propod@¢B3,39,41]Karl et al. in- breath isoprene following hemodialysis could be confirmed.
vestigated the response in breath isoprene concentration subBirect influence of respiratory variables on isoprene exhala-
sequent to treatment with a lipid-lowering drug of the statin tion was conjectured as the most probable cause for this in-
class, which affects cholesterol biosynthesis at the HMG- crease based upon the results obtained using PTR3BIS
CoA reductase levgP]. The decrease in blood low-density This would be in concordance with previous findings indicat-
lipoprotein could be correlated to a concomitant decrease ining that the previously stipulated nocturnal increase in breath
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isoprene could similarly be explained by the influence of car- [4] G. Gruber, P. Lirk, A. Amann, C. Keller, W. Schobersberger, G.

diopulmonary parameters such as breathing[&te

3.4. Neoplastic disease screening

Hoffmann, J. Rieder, Anaesthesia 57 (2002) 747.

[5] G. Summer, P. Lirk, K. Hoerauf, U. Riccabona, F. Bodrogi, H. Raifer,
M. Deibl, J. Rieder, W. Schobersberger, Anesth. Analg. 97 (2003)
1070.

[6] J. Rieder, P. Prazeller, M. Boehler, P. Lirk, W. Lindinger, A. Amann,
Anesth. Analg. 92 (2001) 389.

Finally, diagnostic breath sample analysis has been pro- [7] T. Marx, G. Froba, R. Koble, H. Ensinger, M. Georgieff, Anaesthesist

posed to recognize discrete changes in metabolic pathways

elicited by neoplastic disea$8,33,44] Examples of sub-

stances conjectured in the screening of lung cancer arell[

ortho-toluidine [32] and metabolites arising from acceler-
ated catabolism of alkanes and mono-methylated al&hes
Rieder et al. investigated the diagnostic potentiabdho-

45 (1996) 1167.
[8] A. Sharples, Paediatr. Anaesth. 13 (2003) 467.
9] J. Boivin, Occup. Environ. Med. 54 (1997) 541.
0] M. Saurel-Cubizolles, M. Hays, M. Estryn-Behar, Int. Arch. Occup.
Environ. Health 66 (1994) 235.
[11] G. Wiesner, K. Hoerauf, K. Schroegendorfer, P. Sobczynski, M.
Harth, H.W. Ruediger, Anesth. Analg. 92 (2001) 118.

toluidine in gynecological and hematological cancer patients [12] Eé *('1195;’2;'5“5-9"\’“”’ E. Niebuhr, A. Kyst, N. Valentin, Br. J. Anaesth.

using PTR_MS and found significant differences in breath [13] K. Hoerauf, K. Schigendorfer, G. Wiesner, M. Gruber, A. Spacek,

content of this marker as compared to exhaled concentra- ~ j_g. kress, H. Rdiger, Br. J. Anaesth. 82 (1999) 268.

tions in healthy patientg33]. This would imply that aho- [14] K. Hoerauf, G. Wiesner, K. Schroegendorfer, B. Jobst, A. Spacek,

toluidine is not only a marker for lung carcinoma, but also for M. Harth, S. Sator-Katzenschlager, H. Rudiger, Br. J. Anaesth. 82

other malignancies. Considering the rapidly growing num- [15] I(-|19I?/I€;)ts7u6ota S. Kurosawa, T. Horinouchi, M. Kato, Y. Hashimoto

per of_ publlcgtlons in the f|elq c_)f neoplastic dlse_ase SCreen-"" \\ esthesiology 95 (2001) 1467.

ing, diagnostic breath analysis is sure to evolve into a highly 16] u. Fiodin, A.M. Landtblom, O. Axelson, Occup. Environ. Med. 60

promising field of investigation. (2003) 66.

[17] K. Hoerauf, T. Wallner, O. Akca, R. Taslimi, D. Sessler, Anesth.
Analg. 88 (1999) 925.

[18] D. McGregor, D. Senjem, R. Mazze, Anesth. Analg. 89 (1999) 472.

[19] D. Sessler, J. Badgwell, Anesth. Analg. 87 (1998) 1083.

[20] S. Fitzal, P. Germann, H. Gilly, C. @nwald, M. Semsroth, Anaes-
PTR-MS biomonitoring of substances in ambient air and thesist (1985) 571.

exhaled breath is conceivable as a simple and rapid real-[21] M. Imbriani, S. Ghittori, G. Pezzagno, G. Ital. Med. Lav. Ergon.

time method to determine the concentration and time-course,__ (1998) 20-

. . . . .. [22] A. Accorsi, A. Barbieri, G. Raffi, F. Violante, Int. Arch. Occup.
of volatile organic compounds at risk environments. This is Environ. Health 74 (2001) 541.

highly desirable since only real-time measurements offer the[23] p. wolkoff, Indoor Air 13 (Suppl. 6) (2003) 5.
possibility to directly correlate intermittent contamination [24] M. Tan, 1. Schuellner, J. Rieder, P. Lirk, A. Amann, Br. J. Anaesth.
with activity in the surveyed area. As demonstrated for the  (Suppl. 1) (2001).

_ : : P [25] P. Wolkoff, T. Schneider, J. Kildeso, R. Degerth, M. Jaroszewski, H.
cases of a post-anesthesia care unit and a sterilization ward} Schunk, Sci. Total Environ, 215 (1998) 135.

information such as this can be immediately applied to unveil [26] N. Cherry, Br. Med. J. 318 (1999) 1397.

and eliminate sources of contamination. [27] J. Rieder, P. Lirk, G. Summer, A. Gunkel, U. Riccabona, P. Inner-
In the field of diagnostic sample analysis, PTR-MS hofer, A. Amann, Can. J. Anaesth. 48 (2001) 934.

offers highly sensitive and rapid determinations of VOC [28] J. Rieder, C. Keller, J. Brimacombe, G. Gruber, P. Lirk, G. Summer,

- : . A. Amann, Anaesthesia 57 (2002) 663.
proflles as compared to other methods of detectlo_n. PTR I\/|S[29] F. Roithmeier, P. Lirk, F. Bodrogi, J. Rieder, W. Lingnau, Eur. J.
therefore basically meets the needs of a screening method.” ~ pjaesth. suppl. 1 (2003) 18.

The possibility to directly mirror serum concentrations of [30] w. Lindinger, J. Taucher, A. Jordan, A. Hansel, W. Vogel, Alcohol.
substances as diverse as isoprene, methanol, etc. warrants Clin. Exp. Res. 21 (1997) 939.

the conduction of more detailed studies taking into account [311 M. Phillips, G. Erickson, M. Sabas, J. Smith, J. Greenberg, J. Clin.
physico-chemical properties of these substances acros?3 Pathol. 48 (1995) 466.

. . L 2] G. Preti, J. Labows, J. Kostelc, S. Aldinger, R. Daniele, J. Chro-
the alveolar membrane. These studies could, in principle, matogr. 432 (1988) 1.

help to elucidate the role of these components sensitively, [33] J. Rieder, P. Lirk, C. Ebenbichler, G. Gruber, P. Prazeller, W.

non-invasively, and in real-time. Lindinger, A. Amann, Wr. Klin. WS. 113 (2001) 181.

[34] A. Hansel, A. Jordan, R. Holzinger, W. Lindinger, Int. J. Mass Spec-
trom. lon. Process 149/150 (1995) 609.

[35] P. Lirk, F. Bodrogi, H. Raifer, K. Greiner, H. Ulmer, J. Rieder,
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[36] J. Taucher, A. Lagg, A. Hansel, W. Vogel, W. Lindinger, Alcohol
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[37] M. Soffritti, F. Belpoggi, L. Lambertin, M. Lauriola, M. Padovani,
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[39] J. Taucher, A. Hansel, A. Jordan, R. Fall, J. Futrell, W. Lindinger,
Rapid Commun. Mass Spectrom. 11 (1997) 1230.

4. Conclusion

References

[1] M. Hodgson, H. Levin, P. Wolkoff, J. Allergy Clin. Immunol. 94
(1994) 296.

[2] T. Karl, P. Prazeller, D. Mayr, A. Jordan, J. Rieder, R. Fall, W.
Lindinger, J. Appl. Physiol. 91 (2001) 762.

[3] M. Phillips, R.N. Cataneo, A.R. Cummin, A.J. Gagliardi, K. Gleeson,
J. Greenberg, R.A. Maxfield, W.N. Rom, Chest 123 (2003) 2115.



226 P. Lirk et al. / International Journal of Mass Spectrometry 239 (2004) 221-226

[40] H. Jurevics, J. Hostettler, C. Barrett, P. Morell, A.D. Toews, J. Lipid [43] L.T. McGrath, R. Patrick, P. Mallon, L. Dowey, B. Silke, W. Nor-

Res. 41 (2000) 1048. wood, S. Elborn, Eur. Respir. J. 16 (2000) 1065.
[41] B. Stone, T. Besse, W. Duane, C. Evans, E. DeMaster, Lipids 28 [44] M. Phillips, R.N. Cataneo, B.A. Ditkoff, P. Fisher, J. Greenberg, R.
(1993) 705. Gunawardena, C.S. Kwon, F. Rahbari-Oskoui, C. Wong, Breast J. 9
[42] E. Capodicasa, G. Trovarelli, G.E. De Medio, M.A. Pelli, G. Lippi, (2003) 345.

C. Verdura, M. Timio, Nephron 82 (1999) 331.



	Medical applications of proton transfer reaction-mass spectrometry: ambient air monitoring and breath analysis
	Introduction
	Supervision of medical risk environments
	Occupational exposure to volatile agents in medical settings
	PTR-MS and occupational exposure to volatile anesthetics

	Diagnostic sample analysis
	Potential implications of diagnostic breath sample analysis
	Diagnostic sample analysis of methanol and isoprene
	Isoprene analysis in exhaled breath
	Neoplastic disease screening

	Conclusion
	References


