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Abstract

In this work, solid phase microextraction-gas chromatograph (SPME-GC) was applied to analyze alkanes and aromatic hydrocarbons in hu
breath, providing a potential non-invasive method to screen lung cancer. This method has been optimized and evaluated. It provided quantifice
limits ranging from 0.04 to 4.2 ng/mL, linear correlations ranging from 0.9845 to 0.9966 and R.S.D. values less than 9.8%. Total 30 breath samp
from 15 lung cancer patients and 15 healthy persons, were analyzed, and the alkanes and aromatic hydrocarbons were detected in 73.3%
cancer patients and in 13.3% healthy persons by this method. Above all, It was demonstrated that this SPME-GC method provided a sens
and non-invasive measure means to analyze alkanes and aromatic hydrocarbons in human breath, and brought forward a potential applicatic
screening lung cancer.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction time, and multi-component sorbents for the wide range of VOCs
contained in the human breath.

In 1971, Pauling reported that normal human breath con- Solid phase microextraction (SPME) was invented by
tained hundreds of volatile organic compounds (VO(Q3) Pawliszyn in late 1989 as a new pre-concentration technology,
which presented a potential source of information concernin which a fused-silica fiber coated with a stationary phase was
ing both systemic and lung physiology. Thereafter there wereised13,14] SPME was greatly developed and widely adopted,
increasing interests in breath measurements for diagnostic puier it more solventless, rapid, economical, non-labor inten-
poses. Especially, since 1988, three groups of researchers hasige, and integrated than traditional sampling metfids-17]
separately reported some VOCs in human breath as markerundreds of papers have been published, in which the SPME
of lung cancef2-5]. Although those VOCs identified by them method was applied to pre-concentrate VOCs in many gases
were not completely consistent, most of them were alkanes anaatrices, such as indoor air, atmospheric air, in vivo emission
aromatic hydrocarbons. air, and human biological samples including urine, blood, and

Because the concentrations of alkanes and aromatic hydrbreath[18—22] Recently SPME was developed to investigate
carbons in human breath are from8ppt to 10°° ppb[6,7], aldehydes in lung cancer blog@3,24] However, in practice
pre-concentration became a very important step before anabPME was only applied to pre-concentrate acetone, ethanol,
ysis. However, several traditional pre-concentration methodsand isopreng25—27]in ppb concentrations in human exhaled
such as chemical interaction, adsorptive binding, cold trappindyreath. At present SPME is not applied in detecting alkanes
and supercritical fluid extractid@—12], had the disadvantages, and aromatic hydrocarbons in human breath for screening lung
which required complex devices, high costs, long preparatiogancer.

In this experiment, the applicability of SPME to pre-
concentrate alkanes and aromatic hydrocarbons in human
* Corresponding author. Tel.: +86 755 83313271; mobile: +86 137 9841411(-'5.3)("]‘?"'ed air has been studied. According to the former research
E-mail addresses: vinyyu@hotmail.com, vinyyu@vip.163.com (H. Yu).  [2—5], decane and-undecane were chosen as representations of
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alkanes, while benzene, styrene and propyl-benzene were chall bags were cleaned with acetone and thoroughly rinsed sev-

sen as representations of aromatic hydrocarbons. eral times with deionized water, and then filled with purified
The experiments were separated into three parts. First, th@trogen and dried at 8@C for 12h to remove any residual

SPME extracting conditions were optimized; second, the characetone.

acteristics of SPME-GC method were thoroughly evaluated by

calibration gases; third, this method was applied in 30 humag, Results and discussion

breath, 15 of which were from lung cancer patients and the other

15 of which were from controlled healthy persons. The resultS. 7. Static extraction

demonstrated thatitis a potential and non-invasive breath detect-

ing method for screening lung cancer. We adopted TedI& bags to collect breath samples and
adopted gas sampling bulbs to prepare calibration gases. In
2. Experiments extracting procedure, SPME fiber was inserted into T&tkeag
or gas sampling bulb, and statically exposed in the gas matrix
2.1. Instruments to extract alkanes and aromatic hydrocarbons. This extracting

procedure was performed in controlled conditions. The condi-

Analysis was performed on a Shimadzu GC17A Gas Chrotions we chosed would be analyzed later. Compared with the
matograph (GC), equipped with Flame lonization Detectoformer SPME extracting method which the SPME fiber was
(FID), and a DB-1 fused-silica capillary column (0.2 thick,  directly exposed into the human mou#t], our static extrac-
0.25mm I.D.x 30 m) that was purchased from Sigma—Aldrich, tion method kept the SPME extracting VOCs in constant and
Inc. The oven temperature was programmed for 10 min &G40  optimized conditions to achieve more accurate and repeatable
then 5°C/min to 15C°C, finally in 150°C for 10 min. Injector  results.
and detector temperature were 280 and320espectively. The
GC column flow was nominally at 1 mL/min. 3.2. Extraction conditions

A manual SPME holder with PDMS (1Q0m, Supelco

57300-U) was utilized for extracting hydrocarbons. Afterextrac-  several conditions can influence the results of SPME extrac-
tion, the analysis was detached from the SPME fiber in the hajgp, including the type of fiber film, extraction time, tempera-

injection port. The conditions in injection port were 3Z,  {yre, and humidity. These conditions have been considered and
splitless operation that split vent has been closed for 10 minyptimized before breath detection.

and 60 mL/min split vent flow.

3.2.1. Fiber film selection
There are several kinds of stationary phases, whose selectiv-
) . ity and sensitivity are different for varied VOCs. Alkanes and
Calibration gases were prepared by benzene, styrene, propyomatic hydrocarbons we detected are non-polar, so a PDMS
benzene, decane, andundecane in HPLC grade. These a6 ig preferable. Because a thick phase is more suitable for

reagents were purchased from Acros Organics through a Ioc%latile compound&28], 100pm thick PDMS stationary phase
J&K Chemical Ltd. office. Deionized water used for cleaningWas selected as the SPME fiber.

and standard gas preparation was prepared by Milli-Q filtration
system of Millipore.

2.2. Reagents

3.2.2. Extraction time
The SPME fiber has been exposed in 2 ng/mL decane calibra-
tion gas at 4@ 0.2°C, for different extraction periods, includ-

Gas sampling bulbs (2.5 L) with screw cap and silicon sep!ng Lmin, Smin, 20min, and Lh. Then the peak areas of GC

tum. suoplied by local BEC Tech Co.. were adopted for bre ar.nresponses were measured. Plot of peak areas versus different
um, suppf y o W b Preparnng, action time was given ifrig. 1, and measurement errors
standard gases. Before used, all bulbs were cleaned with acetone
and deionized water, had been dried in an oven at>COfdr
at least 24 h, and then purged with purified nitrogen gas for at

. . . . . 5.
least 30 min. To prepare calibration gas in different levels, sat- J 2 =
urated vapor of VOCs were separately taken from headspaces § it
of corresponding solutions at 26 by Hamilton Series 1700 '4 i
syringes and then injected into the bulb filled with pure nitrogen

as o
gas. 3

25
2

2.3. Preparation of calibration gas

(501 %) Boly ¥

2.4. Collection of human exhaled breath

0 5 10 15 ElG 2‘5 SIO 1’;5 4I0 4‘5 50 55 éO 6;5
Five litres TedlaP sampling bags, purchased from Alltech SPMEExtractionTimis:(WinLiss)

Association, Inc., were U_SEd to collect an_d transport breathig 1. The SPME-GC peak area response vs. SPME extraction time for decane
gas for laboratory analysis. Before collecting human breathin 2 ng/mL concentration.
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3.3. Method evaluation

Based on optimized extracting conditions, the relationship
between SPME-GC peak area responses and VOCs concentra-
tions was established in order to analyze the feasibility of this
method.

(g01%) BouY Yead

3.3.1. Repeatability
Static extractions were performed five times in standard gases
;zzn;enneeuﬂn?ﬂ;::fp;::j";:?: of benzene, styrene, propyl-benzene, decanezamtiecane in
constant concentrations and conditions. The temperature was
Fig. 2. The SPME-GC peak area response vs. SPME extraction temperature ffd@intained at 26C. The RH was also maintained at saturated
benzene, styrene, propyl benzene, decanegamtiecane. level and the SPME has been exposed in the calibration gas for
20 min. The relative standard deviations (%R.Sd3: 5) of the
were also shown ifFig. 1 The peak areas were the averageStatiC extraction method were less than 9.8%, and summarized

results of three measurements in same conditions and conceR-Table 1 Itindicated the reliable repeatability of the method.
trations.Fig. 1shows the equilibrium between sample and fiber . .

was established in 20 min. With additional extraction time there’-3-2. Linearity

was no obvious increase in peak area. Therefore, 20 min was | he relationship between SPME-GC peak area responses and

chosed as the extraction time. It was an adequate time for théOCS concentrations was also investigated by analyzing the
SPME fiber to reach equilibrium. linearity of this method. Seven levels of concentrations for the

VOCs were measured, and every measurement was performed
for three times to average resulEg. 3 shows the calibration

Extraction Temperature (°C)

3.2.3. Temperature
The temperature will substantially affect the diffusing rates of
VOCs. According to the previous experimef9], the appro-
priate temperature for extracting aromatic hydrocarbons is from
15 to 45°C. Therefore, we chose 26, 34 and°€4 to respec- e
tively investigate the temperature effects on extracting benzene, N
styrene, propyl-benzene, decane, anghdecane. The plot of 0 100 200 300 400 500 600 700 0 100200300400500600700800

-
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peak areas versus eXtraCtion temperatures was Sh(jd_\lglﬁ. Benzene Concentration (ng/ml) Styrene Concentration (ng/ml)
The peak areas were the averages of three measurementsinth_ , o 10

same conditions and concentrations. Error bars were also showng ; 5 s 8

in Fig. 2 Based orFig. 2 the temperature was fixed at 26 in § 1 § i

the process of extracting to ensure the repeatability and detecting?o: 95 bi % 2

limitations of our method. = 00 5 10 15 20 25 30 35 40 45 50 2 O &5 75 50 2530 35 40

Propylbenzene Concentration (ng/ml) Decane Concentration (ng/ml)

3.2.4. Humidity

High humidity causes SPME adsorption decregg:30]
However, if using desiccant to absorb the water vapor in human
breath, it will certainly cause VOCs immeasurably loss. Most
human breath is saturated, therefore we spiked 1 mL deionized™ °F——F——% 5
water into calibration gasesto achieve 100% RH. This procedure  n-Undecane Concentration (ng/mi)
minimized the_humldlty influence on the S.F_)ME'GC d(atecm-‘mFig. 3. Calibration lines of SPME-GC peak area response vs. seven levels of
peak area, so it could ensure the repeatability of our method. vocs concentrations.

s01X) BAlY YBad
O a MW &0,

Table 1
The relationship of SPME-GC peak area response with analytes concentrations
Analyte name Repeatability, precision  Linearity Detection limit
n=5(%R.S.D.) , — —
pl p2 Correlation Detection limit, Quantification limit,
coefficient S/N =3 (ng/ml) S/N =10 (ng/ml)
Benzene 8.2 1.20% 10° 6.359x 10° 0.9935 2.5¢10°! 0.84
Styrene 3.7 2.380 107 6.563x 107 0.9966 1.26 4.2
Propyl benzene 5.1 4.43710° —5.704x 10° 0.9845 6.7 102 0.23
Decane 9.8 2.32% 10 1.216x 10 0.9924 1.2 1072 0.04
n-Undecane 5.9 3.54210° 1.965x 10° 0.9882 2.7 1072 0.08

Every point is an average of five measurements. In linearityy1 x x + p2, wherey is the peak area; is the analyte concentration in ng/mL.
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Table 2
The comparating items between our static SPME extraction method and former direct extraction[@efhack listed, to demonstrate the novel and feasiblity of
our method

Comparing items Our method Former method
Target VOCs
Components Alkanes and aromatic hydrocarbons Acetone, ethanol, and isoprene
Concentrations 102 ppt to 102 ppb in breath 10° ppb in breath
Extraction
Method Statically extracting Directly extracting
Conditions Extraction time, temperature, and RH were all Controlled Un-controlled
Characteristic
Repeatability 3.7-9.8%RSD 2.2-12.8%RSD
Linearity 0.9845-0.9966 0.994 for acetone
Detect limit ng/mL to 162 ng/mL level nmol/L level
To subjects Expired into Ted@rbag SPME direct into subjects mouth
Convenient to subjects Not very convenient

lines of SPME-GC peak area responses versus concentrationgre required to stay in an equilibrium environment for 24 h,
of the VOCs. The VOCs were all in ng/mL unit. The linear and next they were required to wear a nose clip while exhaling
parameters and correlation coefficients of these five calibratioseveral deep breaths into the Te@laample bags. This collec-
lines were both indicated ifable 1 The correlation coefficients tion method did not cause any noticeable inconvenience with the
forlinear regression were relatively high and ranged from 0.9845ubjects, therefore it was easily accepted. Background ambient

to 0.9966. air samples were also collected in Tefl@ample bags. Breath
samples and background ambient air samples were immediately
3.3.3. Limit of detection sent to the laboratory to be analyzed.

The sensitivity of SPME restricts detecting limits of the .
SPME-GC method. We defined signal-to-noise ratios equale%4'2' Bm.”h analy SLS.
According to Section8.1 and 3.2SPME extracted human

to 3 as the detection limit and signal-to-noise ratios equaled t%reath samples and Background air in the following optimized

10 as the quantification limits. The detection limits and quan- L h 0 :
tification limits of the VOCs were all shown ifable 1 The conditions: 10qum PDMS film, 26°C, 100% RH and 20 min for

lowest detection limit was achieved in :210-2ng/mL, and static extraction. The fixed conditions diminished the uncon-

the lowest quantification limit was achieved in 0.04 ng/mL, indi—tr0||e<j losses due to temperature and RH variances between

cating that this SPME extraction method is sensitive enough fc)|rnd|V|duaIs. Based on qualitative and quantitative analysis of cal-

detecting alkanes and aromatic hydrocarbons in human breatht.)ratlon gases, we could analyze and compare benzene, styrene,

Based on quantitative analysis of our SPME-GC method, Wgropyl-benzene, decane, andindecane in breath from lung

compared this method with previous SPME extracting method @ e patients and controlled healthy persons.

[25] in four aspectsTable 3. The previous SPME extracting Total 30 subjects were sampled, 15 of which were lung cancer

. . atients (numbered from la to 15a) whose detailed information
methods directly extracted VOCs in human mouth for severa\'fvere shown ifTable 3 and the other 15 of which were healthy

seconds without controlling the extraction conditions and were biects (numbered from 1b to 15b). All lung cancer patients

. . . . u
only adopt_ed in analyzing acetor?e, ethanal, a_nd SOprene in IOIQrs10ave been refrained from smoking for at least 1 month before
concentration25-27} Comparatively, we applied static SPME breath sampling, and especially six of them were non-smokers.

extracting ’T‘e‘hOd to analyze_ .alkanes and aromatlc hydroc,ta'ra-\” controlled healthy subjects never smoke. It was for the sake
bons, and it was more sensitive than the previous extractin

method. It demonstrated the feasibility to analyze alkanes an%lc reducmg the affection of BTEX in smok|r)g. And both lung
: . . cancer patients and controlled healthy subjects have not taken
aromatic hydrocarbons in human breath by using our method

food for 12 h before breath sampling to decrease VOCs from

mouth microbes. All breath samples were analyzed, and then the
3.4. Human breath analysis environmental effects were eliminated. The gas chromatogram
of one breath sample was showrFiy. 4. The peaks identified

We applied our SPME-GC method to analyze actual humage ethanol (1), styrene (2), decane (3), anghdecane (4).
breath. These breath samples were all quantitatively analyzed.

3.4.1. Breath sampling 3.4.3. Analysis of results

In human breath, two-thirds of breath is from lung alveo- It was found total 13 breath samples contained the alkanes
lar, and other one-third is the dead air space from mouth, nosend aromatic hydrocarbons, in which 11 results were from lung
pharynx, trachea, and brondi31]. To collect the breath sam- cancer patients and the other two results from controlled healthy
ples containing more representative information, the subjectgersons. The analysis results were showTable 4 So the
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Lung cancer patient information
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Patient number Gender Age Pack per dayears Relation lung cancer Cancer classify Cancer staging
la Male 51 Halix 30 Father A T2N1M1 IV
2a Male 53 Onex 10 - A T2N1MO Il
3a Female 50 - - A T2N1IM1 IV
4a Male 68 Halfx 35 - A T3N2M1 IV
5a Female 54 - - SCLC T4N2M1 IV
6a Male 64 Halfx 40 - SCLC T3N2M1 IV
7a Male 78 Halfx 50 Sister A TAN2M1 IV
8a Female 61 - - SCC T3N2M1 IV
9a Female 47 - - A T2N1IM1 IV
10a Male 69 Twox 51 - A T3N2M1 IV
11a Male 70 On& 50 - SCC T3NIM1 IV
12a Male 50 - - A T3N2M1 IV
13a Male 69 One& 40 Brother A T3N2M1 IV
1l4a Male 57 One 30 - SCC T3N2M1 IV
15a Female 58 - - A T3N1IM1 IV
Cancer classify including: SCLC, small cell lung cancer; A, adenocarcinoma; SCC, squameous cell cancer; LCC, large cell cancer.
I > relationship between 8b and 9b and lung cancer patients in the
" future.
5 £ T Although all the lung cancer patients were smoke-free for
& e one month, we still considered they had smoked. In all lung
. 1 i cancer patients, nine patients were male and heavy smokers,
T A A L R N IRRTIARIIR | 4 seven of them were shown having VOCsTiable 4 Other six
0 lung cancer patients were all non-smokers including one male
K and five female, four of them were also shown having VOCs

o
n
[

4 5 6 7 8 9 10 11 12 13 14

Time (min) in Table 4 Two controlled healthy subjects who never smoke

_ _ . were also found having the VOCs in their breath. So there were
Fig. 4. Atypical gas chromatogram of a breath sample. Peak assignment: ethaq% obvious evidences demonstrated any relationship between
(1), styrene (2). decane (3), andindecane (4). smoked one month ago and the VOCs in lung cancer patients’

) S breath.
VOCs were detected in 73.3% lung cancer breath, significantly e also took consideration of the lung cancer classification:

higher than in control breath (13.3%). _Besides, both 8b_and 9%here were 10 cases of adenocarcinoma (A), three squameous
from controlled healthy persons had just one marker in very.g| cancer (SCC), and two small cell lung cancer (SCLC). Eight
low concentration. And it is a long term for us to observe thep patients and three SCC patients were shown having the VOCs
in Table 4 And two patients with SCLC had not the VOCs in
their breath samples.

From above analysis we got some initial conclusions, and

Table 4
The VOCs concentrations detected in human breath, all units in ng/mL

Patient Benzene  Styrene Propyl Decane n-Undecane Showed the feasibility of our method for screening lung cancer
number benzene breath. However, more breath samples from lung cancer patients
1a 18.14 1.15 1.03 and health human were still needed for statistic analysis.
2a 10.18 2.50
4a 38.1
7a 021 4. Conclusion
8a 3.21 8.51
9a 1.02 161 0.10 The work proposed SPME static extracting method and opti-
l1a 18.39 0.34 0.23 mized SPME extracting conditions. The SPME-GC method has
12a 0.17 . .
13a 7901 077 been evaluated and demonstrated to be more effective and reli-
14a 153 0.89 0.10 able than the previous reports. Furthermore, the lowest sensitiv-
15a 2.35 0.32 0.24 ity of our method is in 102 ng/mL, and it is sufficient enough

for analyzing the alkanes and aromatic hydrocarbons ranging
(Nzﬁnmtg’e'rh“ma“ Benzene  Styrene beFr’]rzoepr?’; Decane  n-Undecane  from ppt to pph[6,7] concentrations in the human breath.

We applied this method to analyze 30 subjects’ breath.

SE 0.049 o5 Inevitably, there were several factors that could reduce the perti-

nency between the VOCs and lung cancer. First, parts of VOCs
as markers of lung cancer were still different in the previous

la-15a from lung caner patients and 1b—15b from control human.
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reportg2-5]; Second, some VOCs such as benzene and styreng] G. Preti, J.N. Labows, J.G. Kostelc, S. Aldinger, R. Daniele, J. Chro-

were also demonstrated in relation to smokj&g,33} Third, matogr. 432 (1988) 1. _

Only five VOCs chosen from the preViOUS repdﬁs—S] have [4] M. Phillips, K. Gleeson, W. Patrick, M. Vay, Lancet 353 (1999) 1930.
. . 5] M. Phillips, R.N. Cataneo, R.C. Andrew, D.M. Cummin, CHEST 123

been analyzed. However, we tried to reduce the affection from[ ] (2003) 2'0115

srnokg and mouth microbes. And fortunately, we still obtained g} A. Manolis, Clin. Chem. 29 (1983) 5.

significant differences between lung cancer patient breath andr] B.K. Krotozynski, G. Gabriel, H.J. O'Neill, Chromatogr. Sci. 15 (1977)

healthy person breath. Alkanes and aromatic hydrocarbons were 239. _ .

detected in 73.3% |ung cancer breath, much higher than ir{S] S. Ebeler, A. Clifford, T. Shibamoto, J. Chromatogr. B 702 (1997) 211.

, . 9] W. Groves, E. Zellers, G. Frye, Anal. Chim. Acta 371 (1998) 131.
0
13.3% controlled healthy persons’ breath. Besides, both 8 0] A. Gordin, A. Amirav, J. Chromatogr. A 903 (2000) 155.

and 9b from control samples had just one marker in very low;1] A v. Gossum, R. Shariff, M. Lemoyne, R. Kurian, K.N. Jeejeebhoy, Am.
concentration. J. Clin. Nutr. 48 (1988) 1394.

From above analysis, it was shown that we have establishd#@] K. Schafer, W. Baumann, Z. Fresenius, Anal. Chem. 32 (1989) 884.
a new and potential method using SPME to ana|yze alkane{§3] R.P. Belardi, J. Pavyhsyzn, Water Pollut. Res. J. Can. 24 (1989) 179.

d tic hvd b inh b th ing | 14] C.L. Arthur, J. Pawlisyzn, Anal. Chem. 62 (1990) 2145.
and aromatic hydrocarbons in human breath for screening Iungs) A" gajinova, J. Chromatogr. A 754 (1996) 125.
cancer non-invasively. In the next experiments, we will detecfie] H.G.J. Mol et al., J. Chromatogr. A 703 (1995) 277.
more breath samples and give long-term observations to suppgzt’] J.R. Dean, G. Wade, 1.J. Barnabas, J. Chromatogr. A 733 (1996) 295.
this method by statistic analysis. Furthermore, this method will18] J. Namiesnik, B. Zygmunt, A. Jastrzebska, J. Chromatogr. A 885 (2000)
be advanced by adopting gas chromatograph—mass spectrometry 405 _ _

. [19] J.P. Spinhirne, J.A. Koziel, N.K. Chirase, J. Chromatogr. A 1025 (2004)

(GC-MS) to analyze the alkanes and aromatic hydrocarbons. 63

Besides, if some types of SPME stationary phase can bgoj R.R. Boyle, et al., J. Chromatogr. B 780 (2002) 397.
adopted for testing other VOCs in human breath, this methogt1] F.J. Lopez, E. Pitarch, S. Egea, J. Beltran, F. Hewtez, Anal. Chim.
can be adopted to screen other diseases conveniently and non- Acta 433 (2001) 217.

invasively by breath detection techniques. [22] M. Iwai, et al., J. Chromatogr. B 806 (2004) 65. _
[23] C. Deng, N. Li, X. Zhang, J. Chromatogr. B Anal. Technol. Biomed.

Life Sci. 813 (2004) 47.
[24] C. Deng, N. Li, X. Zhang, Rapid Commun. Mass Spectrom. 15 (2004)
1715.
This work is supported by a grant from Zhejiang Province[25] C. Grote, J. Pawliszyn, Anal. Chem. 69 (1997) 587.
Science and Technology Foundation (2002C33004). We arl@6] R. Hyspler, S. Crbova, J. Gaspaire, Z. Zadak, M. Cizkova, V. Balasova,
grateful to both Dr. Kejing Ying and Dr. Hongming Pan from ___ J: Chromatogr. B 739 (2000) 183.

.. ; ; ..[27] C. Prado, P. Mam, J.F. Periago, J. Chromatogr. A 1011 (2003) 125.
Zhejiang Run Run Shaw Hospital for excellent assistances Wltb8] H. Prosen, L. Zupancic-Kralj, Trends Anal. Chem. 18 (1999) 272.

Acknowledgements

the breath samples collection. [29] C.L. Arthur, L.M. Killam, K.D. Bucholz, J. Pawliszyn, Anal. Chem. 64
(1992) 1960.
References [30] P.A. Martos, J. Pawliszyn, Anal. Chem. 69 (1997) 206.

[31] J.F. Periago, C. Prado, J. Chromatogr. A 657 (1993) 147.

[32] M. Phillips, J. Herrera, S. Krishnan, et al., J. Chromatogr. B Biomed.
Sci. Appl. 729 (1999) 75.

[33] S.M. Gordon, L.A. Wallace, et al., Environ. Health Perspect. 110 (2002)
689.

[1] L. Pauling, A.B. Robinson, R. Teranishi, P. Cary, Proc. Natl. Acad. Sci.
USA (1971) 2374.

[2] H.J. O'Neill, S.M. Gordon, M.H. O’'Neill, R.D. Gibbons, J.P. Szidon,
Clin. Chem. 34 (1988) 1613.



	Solid phase microextraction for analysis of alkanes and aromatic hydrocarbons in human breath
	Introduction
	Experiments
	Instruments
	Reagents
	Preparation of calibration gas
	Collection of human exhaled breath

	Results and discussion
	Static extraction
	Extraction conditions
	Fiber film selection
	Extraction time
	Temperature
	Humidity

	Method evaluation
	Repeatability
	Linearity
	Limit of detection

	Human breath analysis
	Breath sampling
	Breath analysis
	Analysis of results


	Conclusion
	Acknowledgements
	References


