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ABSTRACT: This article reviews the application of solid phase microextraction (SPME) for determination of
organic pollutants in gaseous, liquid, and solid environmental samples. Practical aspects of direct and headspace
SPME sampling and combination of SPME with other techniques of sample preparation are discussed.

The application range can be widened by derivatizing analytes. SPME can combined with other related
techniques of sample preparation.

I. INTRODUCTION

From among 12 millions defined chemical
compounds almost a million can be found in an
immediate environment of man on level of ca.
10-10% and above.1 Many organics present in the
environment is suspected to cause a genetic change
in living organisms, some of them have prove
cancerogenic and mutagenic activity.

The concentration level, from which one can
speak about harmfulness, differs from substance
to substance. This concentration is one of the
factors determining the limits from which pres-
ence of a given toxic substance should be moni-
tored in the environment. The second important
parameter is a detection limit with respect to a
given substance depending on an analytical tech-
nique,1 and also on sample preparation. In envi-
ronmental analysis, stages of sampling and sample
preparation for final analysis should be as short as
possible. The latter involves isolation of compo-
nents of interest from a generally complex envi-
ronmental mixture and their enrichment to a level
making quantitative analysis possible. This part
of an analytical procedure should be devoid of
steps in which losses of analytes are significant,
which can often happen when a multistep sample
preparation procedure is applied. This problem
has been dealt with in a number of books and
monograph papers.

To a wide spectrum of the modern sample
preparation techniques belong those based on
extraction. Conventional extraction techniques
such as liquid — liquid and liquid — solid extrac-
tions carried out at mild temperatures by shaking
with an organic solvent or in a Soxhlet apparatus
are often increasingly replaced by such that be-
long to the latest achievements in analytical chem-
istry (varieties of solid phase extraction — SPE,
membrane extraction — ME, supercritical fluid
extraction — SFE, accelerated solvent extraction
— ASE, microwave-assisted extraction — MAE
or ultrasonic extraction). Characteristics of a par-
ticular technique determine the frequency of its
use in analytical laboratories. Typical disadvan-
tages of conventional techniques are a large con-
sumption of solvents and that they are laborious
and time consuming. Their great advantage is
relatively low price of necessary apparatus; this
means that they are commonly used to extract
analytes from environmental samples. In the case
of the latest techniques, on the other hand, the
cost of apparatus is often so high, that despite the
obvious advantages they are not widely spread. In
distinction from the conventional techniques, the
newest ones are generally quicker and simpler
and demand considerably smaller quantities of
solvents.

Nowadays special attention is focused on such
techniques, which are characterized by a consid-
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erable reduction or a complete elimination of or-
ganic solvents from sample preparation. When
studying developmental trends (both methodical
and instrumental), one can notice that special at-
tention is paid to so-called solvent-free sampling
and analyte isolation and enrichment techniques
in which organic solvent is not used at all. This is
connected with two aspects, that is, protection of
the environment against additional quantities of
solvents (dangerous sewage, pollution of labora-
tory air); and analysis cost reduction due to elimi-
nation of very pure and therefore expensive sol-
vents.

Classification of existing solvent-free meth-
ods of sample preparation are given in Figure 1.
None of the methods is ideal. For example, the
techniques of analyte extraction by means of gas
(e.g., static and dynamic headspace) are limited to
volatile and relatively volatile organic compounds,
membrane extraction is adequate for rather vola-
tile nonpolar compounds, while solid phase ex-
traction (SPE) to compounds of relatively low
volatility. Among solvent-free methods of sample
preparation, which are already widely used, we
can find solid phase microextraction (SPME). It
is a comparatively new technique of preparing of
environmental samples (and also other samples)
for analysis, which proves to be a very interesting
and promising alternative to traditional methods.

Since the first papers on SPME were pub-
lished in the years 1987 to 1989,2, 3 more and
more information on SPME use in routine analy-
sis4-8 has been appearing and also new possibili-
ties of the technique have been showed.9-12 When
studying literature on the topic it would be diffi-
cult to pass over the changes in construction of an
SPME device. At present, devices introduced by
Supelco reign on market. Details of construction
of these devices have already been given in many
papers and will not be discussed here.13, 14

The SPME device can be used to perform
the following analytical operations: sampling,
isolation, and enrichment of analytes in one stage
(analyte extraction from on investigated me-
dium), and analyte introduction to a measuring
apparatus (analyte desorption). Analytes sam-
pling is based on their transport to and sorption
in a thin film of stationary phase coated on an
SPME fiber. The quantity of a given component

trapped depends on its partition between phases
(a sample and a stationary phase on the fiber). A
partition coefficient is a measure of ability of a
stationary phase to extract an analyte from the
medium analyzed.

II. PRACTICAL ASPECTS OF SPME
APPLICATION IN ENVIRONMENTAL
ANALYSIS

A. Sampling — Analyte Extraction from
the Investigated Medium

In the case of SPME, a sampled analyte and
matrix determine the way of sampling. Two basic
methods of sampling can be distinguished, that is,
direct and indirect. This is schematically presented
in Figure 2.

Analytes can be directly sampled from such
media as atmospheric air, indoor air, workplace
air, drinking water, and water for food industry
and surface waters. The fraction of an analyte
extracted from a medium depends on a partition
coefficient and a volume ratio of a stationary
phase and a sample.

In indirect sampling an SPME fiber is in-
serted in the sample headspace; this is applied in
the case of liquid samples of very complex matrix
and solid samples. Analysis of headspace differs
little from analysis of gaseous samples; in the
former analytes undergo distribution among three
phases: a sample (liquid or solid), headspace, and
stationary phase on a fiber; the concentration in
the sample is derived from the quantity extracted
to the fiber and determined by, for example, gas
chromatography.15 In headspace sampling a lim-
iting factor is transport of analytes from the sample
to the headspace.16

It was also shown,13 that indirect analysis is
more selective than direct analysis. High selec-
tivity is especially important when isolating
components from very complex matrices. An
additional advantage of HS sampling is that
column contamination with high-molecular-
mass components possibly present in a sample
can be avoided.

On the other hand, however, headspace
analysis can give erroneous results due to non-
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FIGURE 1. Sample preparation methods.
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controlled analytes losses through cracks in
membranes17 used to seal vials.18-20 The cracks
result from piercing the membrane with an
SPME device needle. Some authors17 have no-
ticed that use of “open cup vials”, whose PTFE
(polytetrafluoroethylene) caps contain a nar-
row diameter capillary, permits to considerably
decrease and control analyte losses. The advan-
tage of this approach complies with a rule, that
it is better to have a constant, foreseeable loss
than a lower uncontrolled loss through mem-
brane cracking.

Figure 2 also represents indirect sampling
based on inserting to an original sample a fiber
protected by semipermeable material.21 In this
manner, analytes, for example, PAHs (polycy-
clic aromatic hydrocarbons) can be extracted
from a heavily contaminated medium without a
risk of sorption on a fiber of large mass compo-
nents such as humic acids generally present in
surface waters.

1. Influence of Kind and Volume of the
Stationary Phase on the Quantity of the
Analyte Extracted

When withdrawing the fiber from an SPME
device needle into a sample, components undergo
partitioning between the stationary phase on a fiber
and the sample. Both kinds of stationary phase and
its volume (film thickness on a fused silica fiber)
affect the extracted analyte fraction. Supelco offers
fibers with coatings of different chemical nature and
film thickness (Table 1). Thickness of typical coat-
ings phase ranges from 7 to 100 µm. The sensitivity
of an extraction step increases with film thickness
because the quantity of the analyte extracted in-
creases. This, however, lengthens sampling time
because equilibration is slower in such a case.

The type of coating material has also essential
influence on extraction selectivity and yield. As
shown by Chai and Pawliszyn,22 of the three com-
mon coatings (PDMS — polydimethylsiloxane,

FIGURE 2. Direct and indirect extraction SPME.
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TABLE 1
The Species of SPME Cover Fibers Proposed by SUPELCO (Bellefonte, USA)

CAR — carboxen, and CPB — carbopack B),
PDMS is the most effective for extraction of BTEX.
However, the fiber coated with a mixed PDMS/
CAR stationary phase is more selective.23 Acetone,
ethanol, isoprene, and terpenes best sorb on PDMS/
DVB (polydimethylsiloxane/ divinylbenzene).24, 25

The overall recovery of these compounds in the
enrichment process is even better than when using
a very polar PA (polyacrylate) coating. In fiber
selection the general rule: “like dissolves like”
should be helpful. Table 1 presents application of
available fibers in the analysis of various classes of
chemical compounds.

2. Ways to Improve Extraction

Besides suitable selection of stationary phase,
some other factors are also used to improve SPME
extraction.

a. Internal Cooling of the Extraction Fiber

This approach was applied in the analysis of
very volatile components in heavily contaminated
liquid samples and solid samples. The sample is
heated to increase analyte equilibrium concentra-
tions in the headspace, while the fiber is kept at
low temperature to increase sorption. This pro-
motes analyte extraction.7, 26-28

b. Sample Agitation

Stirring the sample considerably improves
extraction effectiveness.29 The way of agitation
is important. The three basic techniques gener-
ally applied are magnetic stirring, sonication,
and intrusive stirring studied by Motlagh and
Pawliszyn,8 who showed that intrusive and ul-
trasonic ways of agitation are more effective,
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although the latter is accompanied by disadvan-
tageous temperature increase. Likewise, fiber
vibration was also helpful;30, 31 it increases pre-
cision and speeds up the extraction process.32

The extraction process could be also accelerated
by fiber.33 It was experimentally proven that fi-
ber rotation and vibration give like effects, al-
though the former is simpler to use.

c. Salting Out Effect

Adding an electrolyte to the sample increases
ionic strength. This decreases analyte solubility
and makes HS-SPME (headspace SPME) extrac-
tion more effective.29, 34-43

d. pH of the Solution Analyzed

By changing pH ionisable compounds (e.g.,
phenols) can be converted to a nonionized form
and are much bettering extracted by non-polar
and weakly polar stationary phases.29, 40, 42-46

e. Derivatization

In a derivatization process analytes are con-
verted to other compounds as a result of the
reaction with a characteristic derivatizing re-
agent. Derivatives should have properties that
make them GC analyzable and SPME extract-
able;44 derivatives should be characterized by
higher volatility, better thermal solubility and
lower polarity than original analytes. For
derivatization such reactions should be used,
which are fast and give a single product with
practically 100% yield. Derivatization is gener-
ally used in analysis of carboxylic acids,
alcohols, phenols, amines and some pesticides.
This is presented in Table 2.

Several derivatization approaches are used
for SPME:

• In situ derivatization. It is based on adding
derivatizing reagent to a sample and SPME
extraction of the derivatives from the
headspace.37

• Derivatization in a GC injector port.
Derivatization process proceeds at high tem-
perature in an injector port of a GC 49.

• Derivatization in an SPME fiber coat-
ing. Transformation of analytes to their
derivatives takes place in the stationary
phase coated on the fiber of an SPME
device.61 The fiber is immersed in a re-
agent solution and then in a sample. The
analyte is extracted and converted to a
derivative in the coating. The reverse or-
der can also be applied; first analytes are
extracted into the fiber and then the fiber
is immersed in the reagent solution for
derivatization.

Derivatization should be applied only, when it is
really necessary, because it increases time and
cost of analysis and can be a source of additional
analytical errors.

3. Influence of Matrix on Effectiveness
of Extraction

The presence of organic matter and inor-
ganic compounds, which is very common for
real environmental samples, can create some
problems in the process of extraction (espe-
cially in the case of direct analysis where the
fiber is immersed directly in the examined
medium).62 The presence of humic and fulvic
acids63 lowers the fraction of the analytes ex-
tracted. This results from the interaction of dis-
solved organic matter with analytes and with
the coating of the extraction fiber.64 Samples
with a large content of dissolved organic matter
are characterized by considerable viscosity, and
analytes diffusion is slowed down and extrac-
tion time lengthened.65

B. Precautions Against Analytes Loss
as a Result of Uncontrolled Desorption
from the Fiber

Typical SPME devices have been de-
signed for laboratory operations. Pawliszyn14
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proposed some modification for remote
monitoring.

In field sampling it is very important to
preserve extracted analytes on a fiber for a
longer time and to protect the coating from
contamination. As Chai and Pawliszyn22

showed the capping of a needle with a poly-
meric septum prevents even light analytes from
losses, but only if stored for a short time.
Cooling to –70°C enables much longer stor-
age time considerably. Organic analytes can
dissolve in polymeric material, and the ap-
proach based on metal to metal sealing ap-
pears more appropriate.14

By adding a tube with a small opening to
cover a needle, Groth and Pawliszyn24 obtained a
convenient design for breath analysis.

C. Desorption of Analytes

After a definite time of sampling the fiber is
withdrawn into an SPME needle and the device
transferred to a measuring instrument.

Most frequently it is a gas chromatograph
coupled with a suitable detector. The SPME de-
vice needle is at once introduced through a sep-
tum into a hot injector port, where, after drawing
the fiber out of the needle, thermal desorption of
analytes proceeds. Desorption should be fast and
therefore conducted at possibly high temperature.
On the other hand, the maximum desorption tem-
perature is limited by thermal resistance of the
stationary phases used and by other factors. So
sometimes, it is necessary to desorb analytes at
lower temperature for a longer time, what neces-

TABLE  2
Derivatization Approaches Used for SPME
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sitates the focusing of the bands of released
analytes. In another approach the fiber is inter-
nally heated, what speeds up desorption and en-
ables self — focusing of analytes bands.66

In the focusing process it proves helpful to
place an additional element between a GC injec-
tor and column. Generally, it is a heated glass
tube with a diameter a little greater than the diam-
eter of a column. Even such a small element
ensures sufficient focusing for majority of cases
of increased desorption rates. The higher flow
rates of carrier gas can be used in such situations
that shorten analysis time, for example, to tens of
seconds for BTEX,66,67 and to 10 min for some
chloroorganic pesticides.68

A liquid chromatograph can also be used as a
measuring instrument. In this case the needle of
the SPME device is introduced to an injector,
where the fiber is immersed in a stream of liquid
eluent that desorbs analytes and later transports
them to a HPLC column. HPLC creates new pos-
sibilities and widens the application range of
SPME to nonvolatile and thermally labile com-
pounds. An example can be the determination of
alkylphenol ethoxylate surfactants in water.69 The
selection of a suitable fiber and desorption and
chromatographic conditions permit obtaining de-
tection limits on a ppb level.70

D. Final Analysis

Analytes released from the fiber are sepa-
rated with use of a gas or liquid chromatograph
equipped with a suitable detector. The chromato-
graphic systems used include GC–FID (flame
ionization detection), GC–MS (mass spectrom-
etry), GC–ITMS (ion trap mass spectrometry),
GC–ECD (electron capture detection), GC–NPD
(nitrogen — phosphorus detector), and
HPLC–UV (high performance liquid chromatog-
raphy–ultraviolet detection),71 HPLC–ESMS
(electrospray/mass spectrometry)72 and HPLC–
PAD (photodiode array detector).73 Detection lim-
its of SPME–chromatography based procedures
depend on analytes, extraction fibers, and also on
the chromatographic detectors used. For many
analytical tasks detection limits of the order of
ppb were obtained when FID as a GC detector

was used.3,47,74-77 In some cases detection limits of
ppt were obtained when ITMS was applied for
GC detection.61,78-80 SPME-based analytical pro-
cedures were also developed in which less popu-
lar coupled systems such as GC-AED (atomic
emission detection)81,82 and GC–IR (infrared spec-
troscopy)83, 84 were used.

III. ENVIRONMENTAL APPLICATIONS
OF SPME

Environmental pollutants analysis concerns
such media as air, water, soil, sewages, etc; aque-
ous samples are analyzed most often.64

The basic steps in SPME-based analysis are
the following:

• Development of extraction technique: selec-
tion of method of sample preparation for ex-
traction (e.g., derivatization, extraction with
water at high temperature and pressure); mode
of sampling — indirect or direct; way of sample
agitation;

• Optimization of conditions of chromatographic
analysis (separation, detection, analyte desorp-
tion from the fiber);

• Determination of extraction parameters on the
basis of model matrices (sample volume, time
and temperature of extraction, pH and salt ad-
dition);

• Method validation (linearity, precision, detec-
tion limit, etc.);

• Analysis of real samples.

A. Air Analysis

The SPME method can be used for the deter-
mination of organic compounds in atmospheric
air, indoor air, industrial air, etc.; usually a wide
spectrum of compounds can be isolated from these
media. Table 3 presents the applications. The fi-
bers used were generally coated with PDMS
(polydimethysiloxane); PDMS with addition of
DVB (divinylbenzene); and PDMS with CB
(carbowax) for rather polar compounds. The num-
ber of publications on the subject is, however,
comparatively low. Perhaps this can result from
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difficulty with calibration. Generally, it is not
easy to produce standard gaseous mixtures of the
definite content of analytes and moisture for or-
ganic trace analysis (analyte content at ppm or
even ppt level).85 There are quite a lot of methods
of preparing of standard gaseous mixtures; the
most suitable seem to be dynamic methods, where
temperature moisture content and analyte con-
centration can easily be controlled.86 The calibra-
tion problems and gas mixture preparation have
been discussed comprehensively by Namieśnik et
al.87

B. Liquid Samples

Aqueous matrices generally analyzed can dif-
fer considerably in cleanness. Typical matrices
include drinking water, sea and other surface
waters, sewages, and other aqueous samples. De-
pending on contamination level and analyte, di-
rect or indirect SPME can be applied. Table 4
presents examples of pollutants extracted from
aqueous samples by means of indirect and direct
SPME; extraction conditions and detection limits
are also given.

A spectrum of pollutants analyzed in differ-
ent environmental aqueous samples is very wide:
from nonpolar to polar, from volatile to nonvola-
tile (derivatization).

BTEX (benzene, toluene, ethylbenzene,
xylenes) were quite often analyzed with the
use of SPME; both direct and indirect (HS-
SPME) approaches were used. In combina-
tion with modern gas, chromatography detec-
tion limits down to a ppt level were reached
for these compounds.

The other groups of important water pollut-
ants are polar solvents, such as alcohols, ketones,
and aldehydes. They are readily soluble in water
and hence difficult to isolate. Extraction to non-
polar fiber coating is not effective. The applica-
tion of polar coatings and salt addition to water
samples (salting out effect) make it possible to get
relatively low detection limits for the above polar
pollutants.120 Similarly, compounds of medium
polarity (e.g., derivatives of phenols, amines, etc.)
in natural aqueous matrices determine a serious
analytical challenge. In reaching the required de-

tection limit, adjustment of pH, salting out, and
selection of rather polar fiber coatings (e.g., PA)
can be helpful. In the case of polar compounds,
transformation to less polar derivatives can result
in lowering the detection limits down to a ppt
level.

For semivolatile nonpolar and slightly po-
lar compounds such as PAHs and PCBs parti-
tion coefficients are high, hence extraction yields
are large and detection limits low (e.g., a ppt
level).79 These water pollutants, especially PAHs
are lipophilic and can undergo adsorption on
solid particles and can interact with organic
matter possibly present in water. In the case of
some surface waters the fraction of PAHs,
adsorbed on suspended particular matter can be
quite high.129

A chemically varied group of pollutants
are pesticides. They differ considerably in
structure and physicochemical properties;
some are nonpolar and relatively volatile,
while others are polar and nearly nonvolatile.
Despite these differences, SPME was used
successfully in the analysis of most pesti-
cides. Extraction times, however, are much
different — from several minutes to hours;
they can be shortened by suitable agitation
and heating of solution (with simultaneous
cooling of the fiber to keep detection limits
as low as possible).103, 130, 131

The last group, discussed here, are some metal
ions derivatized to organometalic compounds for
SPME isolation.44, 132 Inorganic ions in the form
of volatile derivatives were determined by means
of GC–ITMS, while as crown ether complexes by
HPLC .71

C. Solid Samples

Solid samples can be analyzed exclusively by
indirect SPME (mainly, HS-SPME in the case of
volatile analytes). Analytes of medium polarity in
solid samples can be first extracted with subcriti-
cal water (high pressure and high temperature)
and then by SPME from the aqueous extract ob-
tained.7, 133, 134 Examples of compounds analyzed
in solid samples and conditions of extraction are
presented in Table 5.
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IV. COUPLING OF SPME WITH OTHER
METHODS OF ISOLATION AND
ENRICHMENT

Each sample preparation method can be opti-
mal for a definite group of compounds. When
analyzing, for example, organic compounds of
high and medium volatility it is difficult to avoid
losses of very volatile ones. To cope with sophis-
ticated analytical tasks met nowadays, new inte-
grated methods of sample preparation are looked
for. The basic trend in this field research is fo-
cused on coupling two or more methods. An ex-
ample of such approach can be coupling of the
three widely recognized methods, that is,
supercritical fluid extraction, solid phase extrac-
tion, and HS–SPME. Such a combined method
makes it possible to get reliable results in simul-
taneous analysis of volatile and semivolatile pol-
lutants.135

The Combination of HS–SPME with passive
sampling was also proposed.9 With such a sys-
tem, a detection limit of 1 ppb and below can be
achieved for short-term measurements of BTEX
in air. Passive sampling reduces the influence of
temperature and humidity on SPME extraction
and makes it possible to store sampled analytes
for a long time.

V. COMPARISON OF SPME WITH
“RELATED” TECHNIQUES OF
ISOLATION AND ENRICHMENT

A literature search shows that SPME, quite a
new technique, has been widely used to analyze
samples of different aggregation state. Due to a
number of advantages, it is preferably applied to
carry out routine and sophisticated analytical tasks.

In many cases SPME can replace a traditional
liquid-liquid extraction, which is still quite com-
mon. Depending on the analytes and matrices,
extraction efficiency of both techniques can be
similar,28,38,96,141 much higher for SPME (e.g., in
the case of haloethers in water62), or slightly lower
for SPME.65,113

The most controversial is SPME analysis of
headspace, and in many papers published in spe-
cialist journals HS–SPME has been compared

with other well-recognized methods of isolation
and enrichment.

Analyte sampling from the headspace being
at thermodynamic equilibrium with a sample
(static HS) is widely used. However, in many
cases HS-based determination does not possess a
required accuracy. Comparison of the results of
conventional static HS sampling with HS–SPME
sampling25 shows that the accuracy of determina-
tion of odorants with the latter is three orders of
magnitude better. Results of studies on determi-
nation of organic analytes of high and medium
volatility confirm better sensitivity of methods
based on HS–SPME.25,89

An efficient method of extraction of volatile
analytes from liquid and also from solid samples
is purge and trap. The results of determination of
benzene in water122 and also other compounds20,27

by means of PT and HS–SPME are characterized
by similar precision and accuracy; however, the
latter is faster and simpler.

HS–SPME is an interesting alternative tech-
nique, by means of which concentration of com-
ponents present in liquid and solid samples can be
determined. For volatile and semivolatile analytes
for example, in water, an extraction time is shorter
than in the case of direct SPME.16 When com-
pared with dynamic sampling from air on acti-
vated charcoal-packed tubes, passive SPME sam-
pling has obvious advantages.89

VI. RÉSUMÉ

Up to now, SPME is regarded as a very prom-
ising extraction method of preparation of environ-
mental and some other samples for chromatographic
determination of trace organic pollutants and in some
situations also inorganic pollutants. When both di-
rect and indirect SPME are taken into account a
wide spectrum of pollutants can be analyzed in
gaseous, liquid and solid samples. With new devel-
opments, a number of analytical tasks that can be
performed with the use of SPME increase.

SPME is mainly used in combination with
gas chromatography. Recently, some papers de-
scribed a combination of SPME with HPLC, which
widens the application range of SPME consider-
ably.
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Modifications of construction of an SPME
device and application of new polymeric fiber
coatings increase application ranges and improve
the selectivity and the accuracy of analyzes. The
time of routine analysis can be relatively short
due to the possibility of automation of SPME.

The facts that costly and environmentally
unfriendly solvents are eliminated, time of sample
preparation is short, design and operation of an
SPME device are simple, progress in SPME de-
velopment is rapid, and the cost of the device and
its use relatively low make SPME a very attrac-
tive and promising method of environmental
sample preparation. SPME can really replace con-
ventional methods for many analytical tasks in
the nearest future.
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Environ. Bull. 1996, 5, 55–60.

94. Chai, M.; Arthur, C. A.; Pawliszyn, J.; Belardi, R. P.;
Pratt, K. F. Analyst. 1993, 118, 1501–1505.

95. Clark, T. J.; Bunch, J. E. J. Chromatogr. Sci. 1996,
34, 272–275.

96. Yang, Y.; Miller, D. J.; Hawthorne, S. B. J.
Chromatogr. A. 1998, 800, 257–266.

97. Heberer, Th.; Gramer, S.; Stan, H.-J. Acta Hydrochim.
Hydrobiol. 1999, 27, 150–156.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
5
2
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1



18

98. Janda, V.; Linek, V.; Sinkule, J.; Vejrosta, J. J.
Chromatogr. A. 1998, 823, 523–525.

99. Paschke, A.; Popp, P.; Schüürmann, G. Fresenius J.
Anal. Chem. 1998, 360, 52–57.

100. Rogers, H. R.; Comber, S. D. W. Chemosphere. 1998,
37, 1413–1418.

101. Frazey, P. A.; Barkley, R. M.; Sievers, R. E. Anal.
Chem. 1998, 70, 638–644.

102. Yo, S.-P. Chemosphere 1999, 38, 823–834.
103. Graham, K. N.; Sarna, L. P.; Webster, G. R. B.;

Gaynor, J. D.; Ng, H. Y. E. J. Chromatogr. A. 1996,
725, 129–136.

104. Górecki, T.; Pawliszyn, J. Determination of selected
pesticides in water by SPME and GC–MS in Current
Protocols in Field Analytical Chemistry; John Wiley
& Sons, Inc., 1998, pp. 2B.1.1–2B.1.14.

105. Natangelo, M.; Tavazzi, S.; Fanelli, R.; Benfenatti, E.
J. Chromatogr. A. 1998, 823, 211–218.

106. Page, B. D.; Lacroix, G. J. Chromatogr. A. 1997, 757,
173–182.

107. Sng, M. T.; Lee, F. K.; Lakso, H. A. J. Chromatogr.
A. 1997, 759, 225–230.

108. Dugay, J.; Miege, C.; Hennion, M. C. J. Chromatogr.
A. 1998, 795, 27–42.

109. Massat, F.; Laurent, A. Spectra Analyse 1999, 208,
23–29.

110. Fattore, E.; Muller, L.; Davoli, E.; Castelli, D.;
Benfenati, E. Chemosphere 1998, 36, 2007–2017.

111. Paul, S.; Lienig, D.; Worch, E. Vom Wasser 1997, 88,
273–283.

112. Wu, Y.-Ch.; Huang, S.-D. Anal. Chem. 1999, 71,
310–318.

113. Lakso, H.-A.; Ng, W. F. Anal. Chem. 1997, 69, 1866–
1872.

114. Barshick, S. A.; Griest, W. H. Anal. Chem. 1998, 70,
3015–3020.

115. Wu, Y.-Ch.; Huang, S.-D. J. Chromatogr. A. 1999,
835, 127–135.

116. Bocchini, P.; Andalo, C.; Bonfiglioli, D.; Galletti,
G.C. Rapid Commun. Mass Spectrom. 1999, 13, 2133–
2139.

117. De Smaele, T.; Moens, L.; Sandra, P.; Dams, R.
Mikrochim. Acta. 1999, 130, 241–251.

118. Koch, J.; Völker, P. Acta hydrochim. Hydrobiol. 1997,
25, 179–190.

119. Shoemaker, J. A.; Munch, J. W.; Behymer, T. D. J.
Exposure Analysis and Epidemiology 1999, 9, 181–
191.

120. Porschmann, J.; Kopinke, F. D.; Pawliszyn, J. J.
Chromatogr. A. 1998, 816, 159–167.

121. James, K. J.; Stack, M. A. Fresenius J. Anal. Chem.
1997, 358, 833–837.

122. MacGillivray, B.; Pawliszyn, J. J. Chromatogr. Sci.
1994, 32, 317–322.

123. Huynh, C.K.; Vu-Duc, T. Trav. Chim. Aliment. Hyg.
1998, 89, 705–714.

124. Bao, M.; Griffini, O.; Burrini, D.; Santianni, D.;
Barbieri, K.; Mascini, M. Analyst. 1999. 124, 459–
466.

125. Saraullo, A.; Martos, P. A.; Pawliszyn, J. Anal. Chem.
1997, 69, 1992–1998.

126. Djozan, Dj.; Assadi, Y. Microchem. J. 1999, 63, 276–284.
127. Liu, Y.; Lee, M. L. Anal. Chem. 1997, 69, 5001–5005.
128. Gaines, R. B.; Ledford, E. B.; Stuart, J. D. J. Microcol.

Sep. 1998, 10, 597–604.
129. Wolska, L.; Galer, K.; Górecki, T.; Namieśnik, J.
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