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A headspace solid phase microextraction technique for determination of volatile
aromatic hydrocarbons in soil is suggested. A solid phase microextraction was
performed with polydimethylsiloxane fiber film 100 mm thick. Optimal extrac-
tion conditions were: extraction was carried out for 30 min from headspace of
dry humic soil at a temperature of 60 °C and desorbed for 1 min at 190 °C.
Precision, linearity, detection limits for benzene, toluene, o-xylene and p-xylene
were determined. It was demonstrated that the extraction efficiency strongly
depended on the humidity of soil. Standard addition method enables to elimi-
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nate the influence of moisture on the results of the analysis.
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INTRODUCTION

Volatile aromatic hydrocarbons are important con-
stituents of petroleum and petrochemical derivatives,
common industrial solvents. They show a higher
water solubility than the other petroleum compo-
nents and can contaminate groundwater. Because of
their toxicity, ubiquitous occurrence in natural, drink-
ing and waste waters, they are often used as target
analytes in environmental studies, and there is an
increasing demand for the development of efficient
and reliable analytical techniques.

Soil is a complicated matrix, it contains many
organic compounds, and they may interfere with the
chemical analysis of volatile aromatic hydrocarbons.
The most difficult task in the chemical analysis of
volatile aromatic hydrocarbons is extraction of the
analytes from the soil and their purification. Classi-
cal solvent extraction techniques are laborious and
require large amounts of solvent, while environmen-
tal regulations place restrictions on solvent use in
laboratories. Other techniques such as supercritical
fluid extraction and accelerated solvent extraction
require expensive extraction equipment. So there was
a need for new more convenient analytical tech-
niques.

A modern extraction and concentration technique,
solid phase microextraction (SPME), introduced by
Pawliszyn et al. [1-3] helps to facilitate the extrac-
tion of volatile aromatic hydrocarbons from soil and
to avoid severe background interference. It requires
no solvents, is experimentally simpler than the other

ISSN 0235-7216. Chemija (Vilnius). 2001. T. 12, Nr. 2

160

extraction techniques. This technique uses a fused
fiber coated with a thin layer of a selective coating
such as polyacrylate, polydimethylsiloxane, carbowax-
divinylbenzene, polydimethylsiloxane-divinylbenzene,
carboxen-polydimethylsiloxane to extract organic
compounds from air, water or soil samples. Analytes
are adsorbed onto the fiber. The fiber is transferred
to the injection port of the gas chromatograph,
where thermal desorption and transfer of the
analytes onto the GC column take place.

Several applications of SPME for the analysis of
volatile aromatic hydrocarbons in water have been
reported [4-6].

The main objective of the present work was to
examine the applicability of SPME for a simple and
efficient determination of volatile aromatic hydro-
carbons in soil.

EXPERIMENTAL

Chemicals and Samples

The reagents used (benzene, toluene, o-xylene, p-
xylene and ethanol) were obtained from Merck
(Darmstadt, Germany). All chemicals were of ana-
lytical-reagent grade and were used without further
purification.

Stock standard solution of aromatic hydrocarbons
in ethanol contained 28.0, 28.7, 28.2 and 27.4 g I'!
of benzene, toluene, o-xylene and p-xylene in etha-
nol, respectively. Standard solutions were prepared
by diluting the stock standard solution in ethanol to
desirable concentrations.
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Humic soil “Veenbaas” (Holland) was used for
the experiment. The content of organic materials in
the soil is not less than 30%. Soil was previously
dried at 105 °C for 8 hours. The chromatograms
obtained after exposure of the polydimethylsiloxane
fiber to the headspace of the soil for 30 min at 60
°C and after a consequent desorption in the injector
at 220 °C for 2 min did non contain peaks of aro-
matic hydrocarbons.

Instrumentation

In [7], it was shown that the thickness of the coat-
ing determines the sensitivity and the relative error
of extraction. In order to achieve better sensitivity
and smaller relative standard deviations, in our work
SPME was performed with a biggest commercially
available polydimetylsiloxane fiber film 100 um thick
housed in its manual holder (Supelco Bellefonte,
PA, USA). New fibers were conditioned under a
nitrogen stream at a temperature of 250 °C for one
hour.

Gas chromatography was carried out in a
Chrom 5 (Czech) gas chromatograph equipped with
a flame ionisation detector coupled with integra-
tor. A glass column 2.5 m long and 3 mm i.d.
packed with Separon SDA (150 um) was employed.
The following gas chromatographic conditions were
used: flow rate of nitrogen 45 ml min~!, hydrogen
30 ml min™, air 300 ml min?. The temperature
of the injector was 190 °C, of the detector and
of the column 180 °C.

RESULTS AND DISCUSSION
Effect of desorption temperature

To determine the optimal desorption temperature,
the injector temperature was from 180 to 220 °C.
No lower temperatures were examined, because the
injector temperature should not be lower than the
column temperature which in our case was 180 °C.
In this and in the following experiments (if not
specified differently), 10 g of humic soil spiked with
200 pl of standard solution containing 280, 287, 282
and 274 mg 1" of benzene, toluene, o-xylene and p-
xylene respectively was used. Humic soil was cho-
sen, since we expected that because of the presence
of a big quantity of organic matter the retention of
aromatic hydrocarbons on it would be stronger that
on sandy soil and it would take more time to reach
an equilibrium between the soil and headspace. The
fiber was exposed to the headspace of humic soil
spiked with a standard solution of aromatic hydro-
carbons for 15 min at room temperature and then
thermally desorbed for 2 min. As can be seen in
Fig. 1, until 190 °C the desorption increased and
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Fig. 1. Effect of desorption temperature on the peak area
of 1 — benzene (5.607 pg g'), 2 — toluene(5.750 pg g),
3 — p-xylene (5.487 ug g'), 4 — o-xylene (5.642 pg g).
The fiber was exposed for 15 min to headspace at room
temperature and desorbed for 2 min

then became stable. So for the further work the
lowest (190 °C) temperature from the optimal tem-
perature range was chosen. It enabled to achieve an
optimal desorption and on the other hand to mini-
mize the thermal bleed of the polydimethylsiloxane
film.

Effect of desorption time

At a temperature of 190 °C the effect of desorption
time on desorption efficiency was studied. Desorp-
tion times from 1 s to 5 min were investigated. The
results showed (Fig. 2) that benzene as an analyte
with the lowest boiling point was desorbed most
quickly and for xylenes the desorption time was
longer, but 1 min of desorption time was quite
sufficient for all the analytes studied.

Effect of sorption temperature

The effect of sorption temperature was studied by
exposing SPME fiber for 15 min in the headspace
of a soil sample at a temperature of 20-80 °C.
Extraction curves showed that the amount of the
analytes adsorbed increased with a temperature up
to 60 °C for benzene and toluene and up to 70 °C
for o-xylene and p-xylene (Fig. 3). This can be ex-
plained by the fact that at a higher temperature the
vapour preasure of the analytes and hence their
concentrations in the headspace increase. Above the
temperatures mentioned the amount of the analytes
extracted decreased, probably because desorption of
the analytes from the SPME fiber coating increased
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Fig. 2. Effect of desorption time on the peak area of 7 —
benzene (5.607 pg g'), 2 - toluene(5.750 pg g'), 3 -
p-xylene (5.487 ug g'), 4 — o-xylene (5.642 pg g'). The
fiber was exposed for 15 min to headspace at room tem-
perature and desorbed at 190 °C

more rapidly than the concentration of the analytes
in the headspace. So the optimum extraction tem-
perature was determined to be 60 °C.

Effect of sorption time

For optimum repeatability of the analysis, it is ne-
cessary to chose a time in which an equilibrium
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Fig. 3. Effect of extraction temperature on the peak area of
1 — benzene (5.607 ug g'), 2 — toluene (5.750 ug g), 3 -
p-xylene (5.487 ug g'), 4 — o-xylene (5.642 ug g™). The fi-
ber was exposed to headspace for 15 min and desorbed at
190 °C for 1 min
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Fig. 4. Effect of extraction time on the peak area I —
benzene (5.607 pg g'), 2 — toluene(5.750 pg gt), 3 -
p-xylene (5.487 ug g'), 4 — oxylene (5.642 ug g'). The
fiber was exposed to headspace at 60 °C and desorbed at
190 °C for 1 min

between the fiber and the headspace and between
the headspace and soil is reached.

The equilibrium time was examined by exposing
the fiber to the headspace for different periods of
time at 60 °C. As can be seen in Fig. 4, the peak
areas didn’t increase any more after 30 min of ex-
posure. As in [8], it was shown that the equilibrium
distribution of the aromatic hydrocarbons between
the gas phase and the polymeric fiber is achieved in
a few minutes, though 30 minutes are neccesary to
reach the equilibrium between the soil and the
headspace.

Effect of headspace volume

For high sensitivity headspace extraction the volume
of the gaseous phase should be minimized [9, 10].
We studied the effect of the headspace volume, using
15, 40, and 80 ml vials. The headspace volume after
addition of 10 g of humic soil was 8, 33 and 73 ml,
respectively. Using a 15 ml vial, an increase in the
peak area 1.7 (for o-xylene) to 2.7 (for benzene)
times in respect to a 40 ml vial and from 2.6 (for
o-xylene) to 6.8 (for benzene) in respect to a 80 ml
vial was obtained. For further work a 15 ml vial
was chosen.

Precision, linearity and detection limits

The linear response range was examined on 10 g of
soil spiked with 200 ul of standard solutions with
different concentrations of aromatic hydrocarbons.
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Headspace calibration for the volatile aromatic hy-
drocarbons studied for humic soil was linear in the
concentration range up to 50 ug g'. The detection
limits defined as the concentration of the analyte
that produces a peak three times higher that the
baseline noise were 53, 47, 106 and 86 ng g for
benzene, toluene, o-xylene and p-xylene, respectively.
The correlation coefficients of the linear calibration
graphs were 0.995-0.998 (n = 8).

In repeatability tests, five concurrent extractions
and consequent GC measurements were made. Be-
fore analysis, the soil samples 10 g each were spiked
with 200 pl of standard solution with two different
concentrations of aromatic hydrocarbons and left for
24 h to adsorb. Then the analysis was carried out
as described above. The bigger relative error (Tab-
le 1) was obtained for benzene and was probably
caused by the fact that during the transport of the
fiber trom the extraction vial to the injector of GC
the most volatile benzene suffers bigger loss than
the other analytes studied.

Table 1. Repeatabilities for aromatic hydrocarbons in
soil (m = 5, P = 0.95)
Compound Concentrit1on, RSD, %
ug g
Benzene 1.4 13
5.6 10
Toluene 1.4 10
5.7 9.3
0-Xylene 1.4 7.2
5.6 6.0
p-Xylene 1.3 8.4
5.5 6.2

Effect of addition of water

In most cases extraction is performed on dry matri-
ces. However, volatile hydrocarbons can be lost when
dried, especially if a soil sample is dried at a high
temperature. In order to carry on an analysis of wet
soil samples it was necessary to study the effect of
the water content in soil on extraction efficiency.
An extraction vial containing 10 g of soil was spiked
with different amounts of water, then with a stan-
dard solution of aromatic hydrocarbons, and SPME
was performed. We expected that water could com-
pete with the analytes for adsorptive sites and hence
facilitate the release of aromatic hydrocarbons to
the headspace. However, as can be seen from Fig. 5
with addition of the water the extraction decreased.
Probably this fact can be explained by partial water
solubility of the aromatic hydrocarbons studied. The
other reason can be that the fiber also extracts water,
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Fig. 5. Effect of water content in 10 g of soil on the
peak area of I — benzene (5.607 pug g'), 2 — toluene(5.750
ug g'), 3 — p-xylene (5.487 ug g'), 4 — o-xylene (5.642
ug g'). The fiber was exposed for 30 min to headspace
at 60 °C and desorbed for 1 min at 190 °C

even if it has a lower affinity to the fiber than do
the analytes. Thus, water is able to compete for the
active sites on the fiber surface [11]. So performing
an analysis of natural soil, a correction of the ex-
traction efficiency as a function of soil humidity
should be done.

In order to overcome the moisture effect on the
results of analysis, a standard addition method was
examined. Two 10 g portions of soil were spiked
with the same amount of aromatic hydrocarbons.
Then one portion was analysed as described above.
The other portion was spiked once again with 50 pl
of a standard solution of aromatic hydrocarbons
containing 280, 287, 282 and 274 mg I"' of benzene,
toluene, o-xylene and p-xylene respectively and also
analysed. The results were calculated using a cali-
bration curve made using dry soil and also accord-
ing to the standard addition method. This proce-
dure was performed with soil samples containing
different amounts of water.

As can be seen from Table 2, for dry soil the
results calculated using the calibration curve and the
standard addition method are close. In the presence
of water in the soil the calibration curve method
gives reduced results, and the diminution of the
results increases with the moisture. On the other
hand, the results obtained using the standard addi-
tion method coincide well enough with those ob-
tained for dry soil. So the standard addition method
helps to eliminate the moisture influence on the
results of the analysis.
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Table 2. The effect of water content in soil on the results of analysis (n = 3, P = 0.95)
; Water Concentration pg g'found by
Compound Concentration content in 10 ¢ of : : =
added, ug g ) g calibration standard addition
soil, ml curve method method
Benzene 1.4 0 1.5 1.5
1 1.2 1.5
2 1.0 1.5
5.6 0 5.5 5.7
1 3.5 5.6
2 2.9 5.5
Toluene 1.4 0 1.5 1.5
1 1.2 1.5
2 0.94 1.5
5.7 0 5.8 6.0
1 34 5.7
2 2.8 5.8
o-Xylene 1.4 0 1.4 1.5
1 1.1 1.4
2 0.92 1.5
5.6 0 5.9 5.8
1 3.0 5.9
2 2.5 5.6
p-Xylene 1.3 0 1.4 1.4
1 1.1 14
2 0.93 1.4
5.5 0 54 5.6
1 2.5 5.6
2 2.2 5.6

Application of optimised SPME to the analysis of
real samples

The techniques were tested for analysis of natural
soil samples. Chromatograms of the soil collected at
one of the main road junctions in Vilnius near an
old-fashioned gasoline station was obtained. The
chromatogram of the soil is presented in Fig. 6. To
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Fig. 6. A chromatogram obtained after headspace extrac-
tion of soil collected near one of the gasoline stations in
Vilnius. 1 - benzene, 2 — toluene, 3 — p-xylene, 4 — o-
xylene

20 min.
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the other aliquote of 10 g of the soil, 50 ul of
standard solution of aromatic hydrocarbons was
spiked and SPME accomplished once again. The
moisture of the soil was determined using the third
aliquote and was 18%. The results calculated using
a standard addition method for dry soil were fol-
lowing: benzene — 72 ng g’', toluene — 150 ng g7,
o-xylene 310 ng g, p-xylene 330 ng g'. This ex-
ample shows that headspace SPME can be
succsessfuly applied for determination of volatile
aromatic hydrocarbons in soil.
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LAKIU AROMATINIU ANGLIAVANDENILIU
KIETAFAZE MIKROEKSTRAKCIJA IS DIRVOS

Santrauka

Lakiems aromatiniams angliavandeniliams dirvoje nustatyti
pasiiilytas kietafazés mikroekstrakcijos i§ virSerdves
metodas. Kietafazé mikroekstrakcija atlikta kvarco stry-
peliu, padengtu 100 um storio polidimetilsiloksano
sluoksniu. Optimalios ekstrakcijos salygos tiriant sausa
humusing dirva yra: ekstrakcijos trukmeé 30 min., tem-
peratiira 60 °C, desorbuojama 1 min. 190 °C tempera-
tiroje. Nustatytos benzeno, tolueno, o-ksileno ir p-ksileno
nustatymo ribos, jvertintas rezultaty tikslumas. Parodyta,

kad ekstrakcijos iSeiga labai priklauso nuo dirvos drégmés
ir, taikant kalibracinés kreivés metoda, gaunami maZzesni
analizés rezultatai. Siekiant eliminuoti drégmés jtaka ana-
lizés rezultatams, pritaikytas standartiniy priedy metodas.

N. lsnyiikene, B. Bnukaukaiite, P. Ka3nayckac

TBEPTO®A30BAA MUKPOIKCTPAKIIUS
JETYYUX APOMATHYECKHX
YINIEBOJOPOJAOB U3 IIOYBbI

PeswowMme

Jnst ompeneneHust JeTyYnX apoMaTHIECKUX YIIIEBOAOPOIOB
B TOYBE MPEUIOKEH METOXI TBepaoGha3oBOi MHKpPO-
SKCcTpakuuy. TBepaoda3oBas MUKPOIKCTPAKIIMS BBITOIHEHA
KBapLOBBIM BOJIOKHOM, ITOKPBITBIM TOJIUANMETHICHIIOK-
ca”oBbIM cioeM TonmuHod 100 mxMm. OntumanpHas TeM-
neparypa skctpakuuu 60 °C, a BpeMsl 3KCTpakUuH —
30 muH. [ecopOius npoBenena npu temmeparype 190 °C
B Teuenue | mumH. [ GeH3oma, TOMyona, O-KCWiIona U I-
KCHJIOJIA ONPE/ACIICHBI NMpeelibl ONpeIeieHUs] U TOYHOCTh
PE3YNIBTaToOB ISl CyXOH TYMYyCOBOW TOYBHI. BBUTO MOKa3aHo,
YTO Ha BBIXOA DKCTPAKIMU CHIIBHOE BIUSHHE OKAa3bIBAaeT
cozep>kaHue BOIbI B TouBe. [Ipy 3TOM pe3ynbTarhl aHau3a,
MIOTyYeHHBIE B PE3y/lbTaTe NPHMEHEHHs METoia Kaluo-
POBOUHOW KpHWBOW, 3aHWXKeHbI. BiwusHue sToro 3ddexra
Ha pe3yNbTaThl aHalM3a YIAJIOCh IMMMUHHPOBATh METOJIOM
CTaHJAPTHBIX J00aBOK.
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