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1. Introduction

In our previous publications [1][2] we have
proposed a direct method for the measure-
ment of volatile substances with solid phase
micro extraction (SPME) and we have
shown that this method could be applied
with success to different food problems [3].
We describe here the application of 
our methodology in the determination of
volatile organic compounds (VOC) in wa-
ter and in air.

The determination of VOCs is an im-
portant task for governmental and industri-
al laboratories. Among other methods,
SPME followed by gas chromatography
was proposed for environmental applica-
tions [4][5]. Limits of determination in 
the low µg/l range have been reported in
various publications [6][7], always after
GC separation. The use of a global detec-
tion system, like UV absorption in conjunc-
tion with SPME, was also tested with suc-
cess [8]. All these methods need trained
personnel for the handling of the apparatus
and for the interpretation of the data.

The SPME technology has mostly 
been used as a pre-concentration technique
in conjunction with chromatographic sepa-

ration of the adsorbed substances. But in
many instances a separation is not neces-
sary. This is the case for instance in the
monitoring of an industrial process, in the
monitoring of an environmental pollution
where the pollutant is known, or more gen-
erally in quality control. The method pro-
posed here avoids chromatographic separa-
tion and is well adapted for screening meas-
urements of VOCs at low levels and, as 
the SPME adsorption method can be 
transferred without any adaptations to gas
chromatography, it may be ideally comple-
mented by the methods of the analytical
laboratory.

With SPME two basically different 
absorption methods can be used for the de-
termination of VOCs in water [9]: the im-
mersion method and the headspace method.
The latter is preferred because the fiber
does not come in contact with the liquid, it
can be used for a much longer time period
and the matrix interference is minimized.
These are the reasons why we have applied
the headspace method.

2. Experimental Part

2.1. Material and Reagents
SPME fibers: 100 µm polydimethyl-

siloxane (PDMS), 75 µm carboxen/polydi-
methylsiloxane (CAR/PDMS) and 7 µm
polydimethylsiloxane were obtained from
Supelco, Switzerland. Vials ‘22 ml’ (effec-
tive volume 25 ml) with screw caps and
PTFE septa come from Supelco, Switzer-

land. Vials ‘20 ml’ (effective volume 22 ml)
with crimped caps and PTFE septa, used
with the autosampler (Pal Combi V 2.0
from CTC Analytics AG, Switzerland) are
from Brechbühler AG, Switzerland.

Benzene, ethylbenzene, toluene, cyclo-
hexane, isooctane, dodecane, hexa-
decane, chloroform are from Fluka Chemie
AG, Switzerland. Ethanol, acetone and 
dichloromethane come from Siegfried,
Switzerland. The mixture of xylene isomers
is from Merck, Germany. Acetonitrile is
from Amman Technik AG, Switzerland.
The water used for the preparation of the
standard solutions is prepared with a Milli-
Q filtration system from Millipore.

2.2. Apparatus
The experimental apparatus used can 

be seen as a simplified gas chromato-
graph without separating column and is
des-cribed in [1]. It consists of a gas chro-
matography injector for wide bore col-
umns, linked to the detector by a short 
capillary of 0.32 mm internal diameter and
30 cm length. The detectors are a FID 
(Carlo Erba EL 980). A flow of carrier gas
(helium or nitrogen) drains the desorbed
volatiles from the injector to the detector.

The experimental conditions are the 
following: injector temperature 225 °C, 
detector temperature: 250 °C. Helium flow
rate 50 kPa 2 ml/min, hydrogen 60 kPa 
750 ml/min, air from the laboratory filtered
over active charcoal. The signal obtained is
a simple peak with an apex at about 20 sec
after injection and is interpreted using the
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integration program ChromCard (Fisons
Instrument, ver. 1.21). The limit of deter-
mination (LOD) is calculated by using the
equations proposed by Hädrich and Vogel-
sang [10].

The standard solutions were prepared
by diluting the compound to be measured
directly in water. The diluted standard solu-
tions were used on the day of preparation.
Two measurement procedures were devel-
oped. The procedure 1 for determination
with an autosampler is the following:
pipette 8.0 ml of solution in a crimped cap
vial, close the vial with the septum cap and
place it on the autosampler. The first meas-
urements are made after at least half an
hour. The autosampler program is the fol-
lowing: pre-extraction time: 2 min; extrac-
tion temperature: 30 ˚C; agitation speed:
250 rpm; agitation on time: 5 s; agitation off
time: 2 s; extraction time: 2 min; desorption
time: 2 min. This allows for 10 measure-
ments per hour.

The procedure 2, for manual operation
is the following: pipette 8.0 ml of the water
solution in the screw cap vial; close the vial
with the septum cap, stir for at least 20 min
in a water-bath at 30 ˚C (equilibration
time), then extract with the SPME for 2 min
and desorb immediately in the measuring
device.

3. Results and Discussion

The ratio headspace/water plays an im-
portant role for the volatile concentration in
the headspace as predicted by Henry’s law.
If the ratio headspace/water decreases, the
concentration in the headspace increases
and hence the signal height will be higher as
it is proportional to the headspace concen-
tration. Table 1 shows the area of the signal
obtained by keeping the total volume con-
stant (25 ml) while increasing the volume
of a 60 µg/l aqueous solution of toluene 
in the vial. The good agreement between
the measured and the calculated signal
height*width shows that our system closely
follows Henry’s law.

The limit of detection (LOD) reported
for different organic compounds using
SPME lies in the low µg/l range or lower.
These limits were measured with a FID and
a gaschromatographic separation process.
In our case, there is no separation and the
LOD is due to the blank of the measure-
ment, which comprises the noise of the sig-
nal, the signal from water used for the dilu-
tion and the effects of the SPME fiber. The
noise of the FID signal lies at 0.003 mV*s
and is negligible. However, the blank can-
not be ignored and is mainly due to distur-
bances in the flow of the carrier gas and

probably in the introduction of oxygen
through the fiber. As no separation is made,
this zero signal, which would be inter-
preted as a ‘solvent peak’ in gas chroma-
tography is the real limiting factor for 
quantification. This signal lies at about 
18 mV*s (values as height × width at half
height).

The choice of the type of fiber is espe-
cially important at the limit of determi-
nation. The selectivity of the SPME fiber is
discussed in different papers (see [9], 
chap. 5) and can be quickly tested with our
device. Different coatings were tested, each
one having a specificity for a given analyte.
Using optimized laboratory conditions may
lower the determination limit by a factor ten
or more for a particular analyte, but at the
cost of throughput. For instance, with the
CAR-PDMS fiber and an extraction time
up to 30 min the LOD goes down to 1 ppb
for benzene, toluene, and ethylbenzene, but
these conditions would not fullfill the goals
of a rapid method. Solvents with a high
boiling point (e.g. hexadecane) need a high-
er injector temperature, 300 ˚C instead of
225 ˚C, to desorb from the fiber. Further-
more the desorption is slower and although
there is no column, the time for the apex of
the peak (retention time) is longer than for
the lighter solvents.

One of the major interests in a rapid
method for volatile compounds lies in the
determination of petroleum products or
aromatic hydrocarbons. The BTEX (ben-
zene, toluene, ethylbenzene, and xylenes)
components are frequently used as standard
substances for this type of investigation.
Hydrocarbons of the alkane type are also of
great interest. The range of determination
with our method goes from the µg/l range to
over 500 mg/l for benzene and is very large.
Fig. 1 shows a high concentration range for
current lipophillic substances using a FID,
measurement procedure 2 and the PDMS
fiber. With this procedure, the LOD is be-
tween 10 and 30 µg/l for the different
BTEX components.For lower concentra-
tions, measurement procedure 1 has to be
slightly modified by using a CAR-PDMS
fiber and an extraction time of 30 min. Fig.
2 shows the calibration curve obtained un-
der these conditions.

With hydrophilic solvents the determi-
nation limits are higher due to their higher
solubility in water, their lower response on
the FID and the low concentration of sol-
vent in the headspace as indicated by their
Henry’s coefficient. The choice of the
SPME fiber type is critical, as well as the
choice of the measurement conditions. The
extent of the concentration range towards

Headspace Water Ratio Height * Calculated H*W 
volume [ml]  volume [ml]  Headspace/water  Width [H*W]   

21 4 5.25 94 76  

17 8 2.13 117 117  

9 16 0.56 161 161  

Table 1. Effect of the volume ratio headspace/water on signal area

Fig. 1. Measurement range of concentration for lipophillic substances in water
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higher concentrations was not investigated,
but for alcohols it is possible to make meas-
urements in the percent range with good ac-
curacy. For chlorinated solvents, the FID is
not the best detector, the ECD may improve
the response; nevertheless, we have tried
with success the two most commonly used
chlorinated solvents with a FID. At a low
concentration range, using the standard
conditions, the determination limit lies at
10 µg/l and the linearity of the determina-
tion is good over two orders of magnitude.

For the measured components, the do-
main of applicability of the fast method is
reported in Table 2. Improvements of these
determination limits can still be made by
choosing a more appropriate type of fiber,
modifying the extraction time, the volume

of measurement, the addition of salts, the
temperature of the sample, and the injector
temperature, but a lower thoughtput.

Using a photoionization detector could
further improve the limits of determination
in some cases, in particular for ethanol,
where the LOD is lowered by a factor of
about 50. For dichloromethane and toluene,
the LOD were of the same order of magni-
tude as with a FID. 

Conclusion

The proposed method allows a rapid
measurement of the organic solvents in wa-
ter or in air at low levels and the response is
mostly linear over several orders of magni-

tude. As we have focused on an easy and
rapid method, improvements of the proce-
dure would permit to reach lower levels but
at the cost of lower throughput. It should be
emphasized that the method does not allow
for a differentiation of the compound re-
sponsible for the signal. This can be done
by using the same sampling procedure and
analyzing the sample in a traditional way
with gas chromatography. 
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Fig. 2. Calibration at low concentrations for BTEX components

Solvent PDMS 100 µm CAR/PDMS 75 µm

Benzene 0.015 >0.01

Toluene 0.010 >0.01

Ethylbenzene 0.015 >0.01

Xylenes 0.030 >0.01

Cyclohexane 0.065 >0.15

Isooctane 3 10

Dodecane 0.2* >0.2

Hexadecane 0.08* >0.7

Ethanol >1 1 

Acetone 1 0.2

Acetonitrile >1 0.8

Chloroform 0.1 0.02

Dichloromethane 0.1 0.02 

* PDMS 7 µm

Table 2. Limits of determination in mg/l (ppm) in untreated water with the standard measure-
ment procedure and a FID


