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Abstract

A new and sensitive method for measurement of o-, m- and p-xylenes in human whole blood by capillary gas
chromatography (GC) with cryogenic trapping is presented. After heating 0.5 ml of whole blood and 0.5 ml of distilled water
containing the xylenes and aniline (internal standard, 1.S.) in a4.0-ml vial at 100°C for 30 min, 2 ml of the headspace vapor
was drawn into a glass syringe. All vapor was introduced through the GC port into an AT-Wax middle-bore capillary column
in the splitless mode at an oven temperature of 5°C to trap the entire analytes, and the oven temperature was then
programmed up to 180°C. The present conditions gave sharp peaks for xylenes and aniline (1.S.), and low background noises
for whole blood samples; the pesks of p- and m-xylenes showed about 90% separation with the AT-Wax column. As much
as 41.0-46.3% of xylenes, which had been spiked to whole blood could be recovered. The calibration curves showed
linearity in the range of 0.1-0.5 ng/0.5 ml of whole blood. The detection limit was estimated to be about 10 ng/0.5 ml. The
coefficients of intra-day and inter-day variations for xylenes were not greater than 9.38%. The data for actual detection of
xylenes in post-mortem blood of self-ignition suicide cases by the present method were also presented. 0 1998 Published
by Elsevier Science BV. All rights reserved.
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1. Introduction due to inhalation of gasoline vapor was also reported

[4]. Xylenes are usually analyzed by capillary gas

Xylenes are widely used as solvents in industries
and laboratories. Their large scale production may
lead to environmental pollution or damages to human
health. Xylenes are also contained in gasoline and
kerosene [1], and are sometimes required to be
detected for forensic identification of accelerants in
arson, fire or self-ignition cases [2,3]. A suicidal case
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chromatography (GC) [5—7] and GC-mass spec-
trometry (MS) [2—4,8-10].

Purge-and-trap sample concentration seems to be
the most sensitive technique to extract volatile
organic compounds, because a large volume of water
or solid sample can be used for anaysis [5,8].
However, this technique is not suitable for biological
samples, such as blood and tissue homogenates, as it
causes serious bubbling. Recently, a microcomputer-
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controlled device for cooling of oven temperature
down to or below 0°C has become available for new
types of GC instruments. It had been originaly
designed for rapid cooling of oven temperature to
reduce analysis time. In our recent report [11], we
presented a new GC method for sensitive determi-
nation of chloroform and methylene chloride in
human whole blood by trapping them at low oven
temperature for headspace samples using the above
device; this method allowed us to inject large
volumes of headspace vapor without any loss, re-
sulting in much higher sensitivity. In this study, we
have extended this line of experiments to xylene
isomers in human whole blood and have optimized
conditions to establish their assay method.

2. Experimental
2.1. Materials

Xylene isomers (0-, m- and p-) were purchased
from Wako, Osaka, Japan; human whole blood used
for spiked tests was obtained from healthy subjects;
post-mortem whole blood was also obtained at
forensic autopsies or medica examinations from
male and female victims (46—73 years of age), who
died of fires by self-ignition using gasoline or
kerosene.

2.2. Procedure

Stock solutions of xylene isomers (25 wg/ml) and
I.S. (10 mg/ml) were prepared by dissolving them in
methanol. To a 4-ml screw via containing 0.5 ml of
whole blood and 0.5 ml of distilled water, was added
30 pl (20 and 10 pl, respectively) of methanolic
solution containing 500 ng or less of xylenes and 100
pg of 1.S. (aniline) for spiked test samples; for actual
determinations of xylenes in forensic cases, only
methanolic solution of |.S. was added to a vid
containing 0.5 ml each of whole blood and water.
The vial was rapidly sealed with a PTFE/silicone-
septum cap and heated at 100°C on an aluminum
block heater. After 30 min of heating, the needle of a
Hamilton gastight syringe (5-ml volume) (Hamilton,
Reno, NV, USA) was passed through the septum. A
2.0- or 2.5-ml volume of the headspace vapor was

drawn into the syringe and injected into the GC port
in the splitless mode at an oven temperature of 5°C.

2.3. GC conditions

GC analyses were carried out on an HP 6890
Series gas chromatograph equipped with flame ioni-
zation detection (FID) and with a cryogenic oven
temperature device (Hewlett-Packard, Palo Alto, CA,
USA). An electrically operated solenoid valve intro-
duces liquid carbon dioxide at a rate appropriate to
cool the oven to desired temperatures. The GC
column used was an AT-Wax fused-silica capillary
column (30 mx0.32 mm |.D., film thickness 0.5 um,
Alltech, Deerfield, IL, USA). The GC conditions
were: column temperature 5°C (1 min hold) to 180°C
(4 min hold) at 15°C/min; injection temperature
180°C; detection temperature 250°C; and helium
flow-rate 2.2 ml/min. The vapor samples were
injected in the splitless mode at an oven temperature
of 5°C and the splitter was opened 0.5 min after
completion of the injection.

3. Results and discussion
3.1. Analytical conditions

Various conditions for the headspace extraction of
xylene isomers from whole blood were tested. We
heated the vials at 60—120°C for 15-90 min; it was
found that optimal extraction into the headspace was
attained at 30 min and 100°C.

We tested various initial oven temperatures for
trapping and separation of xylene vapor as shown in
Fig. 1. The xylenes and 1.S. could be completely
trapped even at 20°C. However, the separation of p-
and m-xylenes was not good at the temperature; it
became better down to 5°C. At an oven temperature
of 5°C, about 90% separation between p- and m-
xylenes could be achieved; no further improvement
on separation between them was observed down to
—10°C; thus we adopted 5°C as the initial oven
temperature.

In previous reports [2—4,7,9,10], p- and m-xylenes
appeared as a single peak with non-polar and slightly
polar polysiloxane capillary columns; even with
polyethylene glycol or specia capillary columns,
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Fig. 1. Headspace capillary GC for xylene isomers and aniline
(1.S) as afunction of various initial oven temperatures. Keys:1=
p-xylene; 2=m-xylene; 3=o0-xylene; |.S.=interna standard
aniline. The amounts of the xylenes and |.S. added to 0.5 ml of
whole blood were 0.2 and 100 g, respectively.

complete separation of the isomers could not be
attained [5,6,8]. We have tested various capillary
columns including Carbowax and AT-Wax; the latter
column showed the best separation of p- and m-
xylenes. Thus, we used the AT-Wax (polyethylene
glycal) capillary column in the present study. Ac-
cording to the manufacturer’s note, the temperature
range should be 40—-280°C. In our experience, how-
ever, this column was found to be resistant to low
temperature at 5°C; it could be used for at least three
months with good reproducibility.

We have tested various compounds for I.S., such
as ethylbenzene, pentane, butyl acetate and aniline.
Some of these compounds are listed as environmen-
tal pollutants by the US Environmental Protection
Agency (EPA), and are possible for concomitance
with xylenes at analyses. We have selected aniline as
I.S. in view of retention time, stability and its
absence in gasoline, kerosene and thinner solvents,
although aniline is much less volatile than the
xylenes.

3.2. Reliability of the method

Fig. 2 shows gas chromatograms for headspace
extracts from 0.5 ml of human whole blood in the
presence (0.2 g each for xylenes and 100 p.g of I.S.
aniline) and absence of the compounds. The back-
grounds gave a few and small impurity peaks; no
interfering peaks appeared around the test peaks.

The net recovery of xylene isomers and 1.S. was
determined by adding 0.2 wg each of xylenes and
100 g aniline to 0.5 ml of whole blood. The peak
area of each compound spiked to blood (after
cryogenic trapping of headspace prior to GC analy-
sis) was compared with the peak area obtained by
direct GC injection of each authentic compound. The
recovery was 46.3+3.9%, n=5 for o-xylene,
44.0+3.7%, n=5 for m-xylene, 41.0+3.0%, n=5 for
p-xylene and 0.12+0.01%, n=5 for |.S. aniline. In
spite of the low recovery of I.S,, it gave stable and
sharp peaks (Figs. 1 and 2). Since 2.0 ml of
headspace vapor was drawn from a 4.0-ml vial, the
above data mean that the recovery of xylenes is
excellent.

Calibration curves for xylene isomers in human
whole blood were drawn by plotting five concen-
trations against 1.S. They were liner in the range of
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Fig. 2. Capillary GC chromatograms with cryogenic trapping at
5°C of oven temperature for headspace extracts from whole blood
in the presence (upper panel) and absence (lower panel) of 0.2 g
each of xylenes and 100 pg of I.S. in 0.5 ml. For key numbers,
see Fig. 1. The big front peak of the upper panel is due to
methanol used as vehicle for dissolving the authentic xylenes and
I.S.

0.1-05 pg/0.5 ml blood. The equations and r
values for the curves were: y=4.3x+0.048 and r=
0.998 for o-xylene [y, peak area ratio of compound
to I.S,; x, spiking concentrations (.g) of xylenes per
0.5 ml blood]; y=4.6x+0.095 and r=0.998 for m-
xylene; and y=4.4x+0.058 and r=0.998 for p-
xylene.

The detection limit (signal-to-noise ratio=3) for
three xylene isomers was estimated to be about 10
ng/0.5 ml of blood. Our GC method with FID gave
sensitivity comparable to that by GC-MS [2], be-
cause of the cryogenic trapping of entire headspace
vapor without any loss. Upon coupling our cryogenic
method with selected ion monitoring in MS, sen-
sitivity and selectivity would be improved.

To check reproducibility of the present method,
we added 0.2 wg of each compound to 0.5 ml of

whole blood and determined each concentration. The
coefficients of intra-day variation for o-, m- and
p-xylenes were 8.01, 9.29 and 9.38%, respectively
(n=5 each); those of inter-day variation of the
isomers on five consecutive days were 9.34, 8.78 and
8.83%, respectively.

3.3 Actual measurement of xylenes

The present method was actually applied to mea-
surement of xylenes in whole blood samples ob-
tained at forensic autopsies or medical examinations
from victims of both sexes, who were estimated to
have died of fires by self-ignition using gasoline or
kerosene. The chromatograms for the four cases are
presented in Fig. 3. For the gasoline cases, the
concentrations of 0-, m- and p-xylenes were 154,
250 and 59.3 ng/ml for case 1, and 84.7, 98.0 and
46.5 ng/ml for case 2, respectively. For the kerosene
cases, only o-xylene was measurable; its concen-
trations were 24.2 ng/ml for case 3 and 66 ng/ml for
case 4. These results are in agreement with the fact
that gasoline is more enriched in aromatic hydro-
carbons than kerosene [1]. The characteristic profile
with three peaks due to xylene isomers seems to be
good suggestion especialy for the presence of
gasoline.

In connection with xylenes in gasoline and
kerosene, it should be mentioned that aliphatic
hydrocarbons with carbon numbers of 5-8 and of
8-9 are also useful for identification of both petro-
leum fluids. However, quite different types of col-
umns should be used for detection of aliphatic
hydrocarbons [12], and their identities should be
confirmed by MS connected to GC, because of
appearance of many interfering impurities especially
in fire cases.

4. Conclusions

To our knowledge, this is the first report dealing
with GC with cryogenic trapping for xylenes in
biological samples. It is recommended for use in
forensic and environmental toxicology, because it is
simple and requires no specia GC operation, and
gives high sensitivity and good separation of the
compounds.
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Fig. 3. Capillary GC chromatograms with cryogenic trapping for post-mortem whole blood (0.5 ml) of victims of both sexes, who died of
fires by self-ignition using gasoline (cases 1 and 2) and kerosene (cases 3 and 4). Case 1: 47-year-old male; case 2: 59-year-old male; case 3:
73-year-old female; case 4: 46-year-old male. For key numbers, see Fig. 1.
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