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Abstract

A preliminary investigation on the possibility of using volatile organic compounds (VOCs) determination of expired air, blood and urine, for
the early location of entrapped people in earthquakes, has been carried out. A group of 15 healthy subjects has been sampled. The identificati
of a common “core” of substances might provide indications of human presence that can be used for the development of a real time fielc
analytical method for the on site detection of entrapped people. Expired air samples have been analyzed by thermal desorption GC/MS ar
VOCs from blood and urine by headspace SPME-GC/MS. Acetone was the only compound found common in all three matrices. Isoprene
was found in both expired air and blood samples. Acetone and isoprene along with a number of saturated hydrocarbons were among tt
major constituents identified in expired air analysis. Various ketones (2-pentanone, 4-heptanone, 2-butanone) were also determined over uril
specimens. Using the techniques and methods of field analytical chemistry and technology appears to be the proper approach for applying tl
results of the present study in real situations.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Normal human breath is known to contain a complex mix-
ture of several hundred VOCs; more than 3000 different com-
Volatile organic compounds (VOCs) analysis in expired pounds have been observed in a study which involves breath
air, blood and urine has been used for toxicological, medi- analysis of 50 subjectf’]. Also, VOCs determination in
cal, forensic, biochemical and other applicatifiis6]. Some plasma and urine has showed a broad number of compounds
of these applications involve the correlation of VOCs with such as alcohols, aldeheydes, ketones, furans, pyrroles, ter-
medical conditions of various groups of people, as well as, penes, sulphur containing compounds, merkaptans, hydro-
the correlation with biochemical processes and metabolism.carbons and various heterocyclic compoufgj8]. It should
As part of a project, which investigates the possibility of be noted that knowledge concerning the simultaneous deter-
using VOCs present in expired air, blood and urine for locat- mination of VOCs in expired air, blood and urine specimens
ing entrapped people in an earthquake, an initial preliminary of the same group of volunteers is limited and not much
study has been carried out for the simultaneous detection ofresearch work has been reported so far. The aim of this work
these compounds in all three matrices. is to investigate if a relatively small target group of com-
pounds can be determined, preferably, in all three matrices
* Corresponding author. Tel.: +30 210 7723109; fax: +30 210 7723188, (€XPired air, urine and blood), so as to eliminate the “over-
E-mail addressagapiou@central.ntua.gr (A. Agapiou). population" of known CompoundS from the literature. The
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target is to determine, if possible, a core of substances thatanalyses have been done without any pretreatment in order
will act as a trace of the presence of a human being trappedto produce the maximum yield of VOCs (addition of salts,
under the ruins of a building. adjustment of pH, heating and agitatid2p,21] Following
In this work, Sorbent Tube sampling with thermal des- this need, the urine and blood samples have been analyzed
orption GC/MS was used for the determination of VOCs within 24 h from the collection time, so as artifacts from sam-
found in expired air. In addition, headspace-solid phase micro ple degradation not to be measured. To achieve fast analysis,
extraction (HS-SPME)-GC/MS was applied for the analysis the sampling procedure has been split in 3 days, in order to
of VOCs evolved from urine and blood specimens. It should reduce the sample flow of samples to the lab to one-third per
be emphasized that these methods are frequently referred irday, which is sufficiently low for almost immediate analysis.
literature for this kind of analysis. They provide full mass
spectra (chemical identification) that is used for identifying
the type of compound in addition to its molecular weight and 2. Experimental
retention time. On the other hand, these methods are time-
consuming limiting thus their real time application. 2.1. Human subjects
Other methods applied for the analysis of expired air
include selected ion flow tube-mass spectrometry (SIFT-  Fifteen healthy volunteers were selected, comprising 10
MS), proton transfer reaction-mass spectrometry (PTR-MS), males (mean age 33) and 5 females (mean age 28). All sub-
membrane extraction with sorbent interface (MESI), ion jects have signed a voluntary participation statement and have
mobility spectrometers (IMS) based methods, laser spec-been informed about the terms of the Hawaii declaration on
troscopy and non-specific sensor arrays technology (elec-“Ethics protocol on medical experiments”. The protocol for
tronic noses)10,11] SIFT-MS provides low sensitivity (ppb)  the preparation of the volunteers was as presentg2Pin
and is based on soft ionization mass spectrometry selectively
applied in trace gases in expired air. It has very low time of 2.2. Expired air sampling
analysis and uses three different chemical ionization agents
(H30", NO*, Ox"). It requires minimum sample preparation Expired air was chosen to be sampled in 51 Tedlar bags.
and no separation of analytd®]. PTR-MS can provide real  All volunteers were asked to blow calmly air into the Ted-
time analysis and highly sensitive measurements for specificlar bag by mouth, while inspiring from the nose. Three-layer
target VOCs although their identification is based on molec- sampling tubes have been chosen (TD-300, Alltech) due to
ular mass and thus it is possible interferences from variousthe high diversity of structure and molecular weight of the
molecular species to appear. Although it lacks chemical iden- compounds expected to be analyzed. The 6 mmo.d., 115 mm
tification possibility, it requires no sample separation and it length tubes consisted of 300 mg Carbograph2, 200 mg Car-
can be used for fast screening purposes based on moleculabograph 1 and 125 mg Carbosieve S-1ll layers. All sampling
masse$13-15] MESI is using a membrane that is selective tubes were conditioned for 2 h, at 300 and at a flow of
for non-polar and volatile substances. It overcomes the usual150 ml mirr1 of He, in order to minimize background effects
problems in breath analysis (sample storage, high moisture,and spiked with Ju! liquid volume of 50 mmolt! methano-
volatility) [16]. IMS is a low cost, portable (even miniatur- lic solution of chlorobenzene-D5 (ISTD).
ized) device appropriate for field breath analysis. It has very ~ The air from the bag was pumped through the sampling
low sensitivity, which can be improved by using different tube, with the use of a sampling pump (VSS-1, A.P. Buck,
carrier gasefl7]. Laser spectroscopy has also been referred USA). The removal of air was carried out using constant-flow
in measuring ethane in exhaled air at ppt rafitfyj. Elec- mode (the VSS-1 pump automatically adjusted the pres-
tronic noses with current technology need preconcentration, sure gradient to obtain selected flow) at 200 mindirBlank
as well as chemometric processing which is available mostly ambient air samples were taken from the sampling location.
in exploratory mode, not fully automat¢to]. In order to preserve sample integrity, the VOC content of the
It should be noted that the study presented in this paper,airin Tedlar bags was, immediately, transferred to the sorbent
is a starting point for the whole project, which exhibits com- sampling tubes.
plexity because the medical conditions of entrapped people The in-house made sorbent desorption system has been
resembles to that of fasting, stressed and heavily injured. Fur-thoroughly tested and its performance has been evaluated
thermore, the detection process needs to be modeled on théefore the analysis of this work. Evaluation procedures for the
side of mass transfer of VOCs derived from breath and body cryo trap total condensation ability and sorbent tube thermal
fluids to the sampling device. Following this need for ini- desorption duration were applied. Furthermore, evaluation
tial results, all the analyses have been done with the helpprocedures on sorbent trapping efficiency were also per-
of healthy volunteers, which has been verified by standard formed on the system. Detection limit for hexane was found
biochemical tests not showing pathological values. to be lower than 10 ng, when the system worked as an injector.
Regardless of the analytical and sampling compromises System linearity exhibited® value of 0.986 for calibration
that have to be made for the initial results, the project is curves at nanogram to low microgram region and value 0.943
focused on entrapped people and for this reason all the SPMEor microgram to low milligram mass region. Reproducibility
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experiments by injecting 21 of 0.001% hexane in toluene A 60 m SPB-624 capillary column with 14m stationary

solution showed R.S.D. of 5.24%. phase and internal diameter of 0.25mm (Supelco) has been
utilized for high-resolution chromatographic separation. Col-
2.3. Expired air VOCs chromatographic analysis umn head pressure of helium purge gas has been set to 25 psi.

GC program has been selected as follows:@5nitial for
Sorbent tubes were thermally desorbed to a HP 5890/59725 min, ramp of £C min—* up to 180°C, holds for 20 min.
GC/MS (Agilent Technologies) system, using an in house MSD mass range has been limited to 42—350 amu range due
made thermal desorption unit (TDU). Other than the ther- to the expected detection of VOCs, but with a benefit of
mal desorption module it includes a refocusing trap based 1.8 scans?.
on freezing with liquid nitrogen, in order to enhance the
chromatographic separation. System’s schematic drawing is2.4. Expired air VOCs quantification method
shown isFig. 1
Desorption flow of He has been set to 30 ml mipwhile Chromatographic peaks have been identified with the help
the temperature was kept constant at 2D00Desorption and  of Wiley 138 mass spectrum library, using similarity indexes
refocusing duration was 20 min in order to ensure 100% higher than 70%. Quantitative results were generated with
recovery of sorbent-trapped analytes. The cryo trap capil- the application of internal standard methi@d], using the
lary was a 22 cm part of a 0.53 mmi.d., AT-Q PLOT column following equation:
(Alltech) and it was chosen in order to enhance trapping of A 1
highly volatile VOCs, as shown in literatuf23]. A 20 s heat- C = !
ing pulse has proved to be adequate for flash desorption of Aisto RRR
trapped analytes into the GC column. where C; is the concentration of the substance i in the
vapor phase expressed in nmotlof expired air;A; the
peak area of substance i, in coungtp the peak area of
Gas Supply internal standard, in counts; RREhe response factor of
He In (from Constant Pressure substance i, relative to chlorobenzene-d5, which expresses
L the different ionization of the substance i compared to the
internal standard; an@stp is the calculated concentration
of internal standard in the total air volume sampled in
nmol L.

The concentration calculation for the internal standard
has been done by reducing the known molar quantity
injected on the tube to the 51 of air sampled from the
Tedlar bags. This concentration is calculated to be equal to
10 nmol 1.

CistD

Thermal Desorption

Blees 2.5. Blood and urine sampling

All blood and urine samples have been collected imme-

diately after giving samples of expired air, at the medical

R qud(gli:l:‘cgg%\falve laboratory of Aiginiteion Hospital of Athens, Greece, under
e the same conditions a typical medical examination would
require. Two duplicate samples of 5ml for each blood and

Cryo Trap Assembl . . .
o B‘,)ock % urine were collected. Each sample was placed immediately

— i to 15ml vials and capped firmly (15 ml vials, with an open
e top screw cap type 18/400 sealed with TFE/silicon liners type
18/400, 10/50 mil, supplied by Alltech). One sample of the
, duplicate pairs was transferred to a deep-freezer for storage
SP'(“O‘;.%‘F"F?'“ and future confirmation use and the other sample to the lab
Connection Block for analysis.
The volunteers were divided in three groups and followed
the sampling procedure at sequential days, in order to
reduce the sample flow in the analytical laboratory to 10
per day (five blood and five urine). All blood and urine
samples along with their water blanks (one each day) were
analyzed for headspace VOCs within 20 h from collection
Fig. 1. Drawing of the in-house made TDU. time.

Flow Regulator
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2.6. Urine and blood VOCs chromatographic analysis Table 1
VOC:s identified in expired air

All urine and blood VOCs analysis have been performed Compound Indicative median Appearance Relative
with 85um carboxen/polydimethylsiloxane (PDMS) on a concentration (%) response to
StableFlex SPME fiber, supplied by Supelco. The SPME nee- (nmol ™) acetone (%)
dle holder pierced the TFE/silicon vial seal and the fiber Acetone 117 100 100
was exposed to the headspace vapor for 30 min. Sampleii?(;r;e’ 2-methyl g‘; 188 gg
brought to the lab have been injected with Ql®f methano- Isoprene D1 100 33
lic mixture containing 50 mmoH? chlorobenzene-D5, used  1-Pentene, 2-methyl .36 100 270
as internal standard (IT-Chem, Hellas) and have been left toHexane, 3-methy! 9 100 170
equilibrate for 30 min prior to SPME sampling. Methane, chloro- B9 93 119

Desorption of VOCs from the SPME fiber has been carried ﬁigf::: 2,4-dimethyl ﬁ? gg 1;5_’ .
out at the heated split/splitless injection port of a HP5890 GC Hexane,’Z-;nethyI 08 87 838
coupled by a HP 5972 MSD (Agilent Technologies). Injec- Acetaldeheyde 92 93 786
tion port temperature has been kept constant at22énd Hexane, 2,3-dimethyl .66 87 479

®5 87 043

its mode of operation has been selected to be splitless duringlPha pinene
fiber exposure in the heated zone and switched to injector
purge mode (split) at 4 min run time. Injector flow has been
set to 30 mImin!. The set of GC/MS instrumental param-
eters has been kept identical with the expired air analysis
one, in order to produce comparable results. Only the elec-
tron multiplier voltage has been set to 200 V higher than the

tion of acetone (substance-to-acetone ratio, STA ratio). Six
substances were found to be common in all the samples
examined: isoprene, acetone, pentane 2-methyl, 1-pentene
2-methyl, hexane, and hexane 3-methyl while other seven

: . - 9
autotune value in order to enhance the detection ability of showed more than 80% appearance. These substances are

the MSD. Substances have been identified using the sameshowmg STA ratio over or close to 15 and 100% appearance

rocedure with the expired air VOCs analysis. In all samples.
P P 4 The VOCs median concentration findings obtained from

this study such as acetone (11.7 nmd)l and isoprene
(3.91 nmol 1) have showed agreement with previous reports
referring values of 10-48.4nmol} for acetone[25] and
1.60—-10.3 nmolt! for isoprene[1]. Alternatively, acetone
content given by other authors has presented mean val-
ues of 38 or 18.9nmott [26,27] and for isoprene 14.5

1
detected are continuously changing according to the physi—Or 48.5 nmol‘r [28,29] Although ethanol and .pentane_
cal and physiological status and the current environment of showed slightly lower appearance below 80%, their STAratio

the person examined. In order to ensure the “physiological’ should not be overlooked (median concentrations of 5.32 and
. 1 . .
status of each of the subjects biochemical tests have beer]-82Mol™~and STAratios of45.3 and 14.1%, respectively,

conducted. These included 63 different medical parameters or ethanol and pentane), as they are considered among the

to be measured (e.g. cholesterol levels, sugars, white bloodga'n.f\_/%cs of human brezthl.z -LhT Igz\r/]elj of h)t/)drocarbons
cells) and psychological profiling. In order to eliminate the dentifie were not expectg - =xhaled hydrocarbons are cor-
environmental VOCs effect, the subjects were asked to Stayrelated with lipid peroxidation and the poss[ble explangtlon is
for 1 hin the same room that had previously been sampled forthat volunteers were asked to follow a certain preparation pro-

atmospheric VOCs. Each substance detected in the expired aiFOCOl' For further testing the repeatability, thermal desorption
sample was compared to the room “blank” sample and only system stability and within person variability, an examination

the substances with concentrations over three times highelpn three sa}mples of the same individual was (.:arne.d_ out. The
than the blank were reported. A typical chromatogram of results defined that the number of the VOCs identified were

expired air analysis is presentedFiry. 2 analogous for each measurement for over 97%, whereas the

VOCs expired air analyses for the 15 volunteers resulted in within-individual variability was found 70%.
63 VOC:s to be identified including hydrocarbons, alcohols,
ketones, aldeheydes, acids, esters, chlorinated hydrocarbons.2. Urine and blood VOCs
aromatics and heterocyclic compounds. The expected “core”
of VOCs that may lead to a “human trace” are shown in  The total number of substances identified for blood and
Table 1 Table 1presents indicative median concentrations of urine, is 46 and 38, respectively. Chemically, they show the
VOCs found in expired air samples showing more than 80% same diversity as those of expired air including hydrocarbons,
appearance in the human subjects and their median concenalcohols, ketones, aldeheydes, sulphides and heterocyclic
tration. The fourth column presents the relative concentration compounds. Results for blood VOCs common in all samples
of each of the substances if compared to the concentra-or with appearance over 80% (“core substances”) are shown

3. Results and discussion
3.1. Expired air VOCs

Breathing is known to be a dynamic process and VOCs
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Fig. 2. Typical chromatogram obtained by an expired air test measurement. Compounds detected: (1) chloro methane, (2) pentane, (3) isopnahe, (4) eth
(5) acetone, (6) 2-methyl pentane, (7) 3-methyl pentane, (8) 2-methyl pent-1-ene, (9) hexane, (10) 2-methyl hexane, (11) 3-methyl hexaiea¢i®) acet
(13) 4-methyl heptane, (14) 1,2-dimethyl-trans cyclohexane, (15) toluene, (16) 2,4-dimethyl heptanectil@)abenzene—internal standard, and (18) alpha
pinene. Sampling and chromatographic conditions are given in the text.

Table 2 part of the substances detected, while the hydrocarbon por-
VOCs identified in the air phase of blood samples tion is detected in very low STAs.
VOCs Appearance (%) Relative response The stability of the results and method repeatability was
to acetone (%) tested by examining duplicate samples stored in deep freez-
Acetone 100 100 ing. Blood and urine samples of three individuals (duplicates)
Eopfenez 033 . %0 -‘gg were analyzed after 30 days of storage. It has been reported
T(l)JItl?enr?é 12,3,3-tetramethy 100 oa that all chemical in urine specimens are stable-i20°C
Phenol 80 @1 storage conditions, up to 2 montf8)]. These results were

compared with the initial results for the three subjects. The
observations that have been made, pointed out analogous
onTable 2 Only three substances were identified in all sam- results for urine and blood samples of the three subjects at 90
ples: acetone, butane 2,2,3,3-tetramethyl and toluene whileand 80%, respectively.
isoprene and phenol show the higher tendency of existingin  The findings, presented ifables 2 and 3suggest that
all samples. However, STA ratio results using the amount of there is a variation among the volatiles of the vapor phase in
those substances collected onthe SPME needle looks promisplood and urine samples, among different individuals, as it
ing only for acetone—isoprene pair. The other substances havehas been already report¢®]. It is characteristic that three
been detected, but with low STA ratio. of the 46 compounds identified in blood are common for all
“Core” substances for human urine are summarized in the subjects and five out of 38 in urine. However, VOCs in
Table 3 Those with 100% appearance are five: acetone, yrine samples of the volunteers seem to have less variation
hexane 2,2-dimethyl, toluene, 1H-pyrrole apeylene. compared to blood samples. It appears that 13 of 38 com-
Moreover, ethanol, 2-butanone, benzene, 2-pentanone, 4pounds in urine were identified in over 80% of the samples
heptanone and phenol were identified over 80% in samplesand 18 in over 50% (not shown dables 2 and 3 In blood

examined. Significant responses compared to that of acetonefive compounds were present in over 80% of the samples and
with STA ratio over 5%, have been observed for the ketone seven compounds over 50%.

Table 3
VOCs identified in the air phase of urine samples

4. Conclusions

VOCs Appearance (%) Relative response

to acetone (%)
Acetone 100 100 Human expiration is a continuous functlon.so thg main
2-Pentanone 87 15 part of VOCs detected from entrapped people in an instance
4-Heptanone 87 86 of an earthquake is expected to come from it. Acetone has
1H-pyrrole 100 a7 been found to be present in all three matrices (expired air,
2-Butanone 87 20 blood and urine) so the response to the analytical device is
Toluene 100 50 . . .
Benzene 93 B1 thought to be cumulative and this substance is expected to be
Ethanol 87 120 the first one detected when measuring under ruins. Moreover,
Hexane 2,2-dimethy! 100 a1 the verification of human presence can be enhanced by the
p-Xylene 100 39 detection of isoprene (found in both expired air and urine) at
Phenol 87 ®8

STA ratios close to 10—-30%. Finally, the six compound core,
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found in expired air, and the STA ratios of each substance canoverall supervision of the clinical tests, carried out at Bio-
be used as a starting point for the construction of the on-site chemical Analytical Laboratory of “Aiginiteion” Hospital of
detection method. Athens.
Ketone content of air sampled under building ruins can

alternatively be used for the detection of entrapped people as
urine analysis showed. The expected concentration of ketoned¥éferences
is estimated to be low, even at trace amounts, because humans _ _
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