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Abstract

This paper reviews the practical applications of solid-phase microextraction (SPME) in the analysis of organic vapours
which are pollutants of atmospheric air, indoor air and workplace air. Applications to headspace of solids and liquids such as
different waters, soils, food, etc., are also included. Problems related to calibration in SPME analysis of gaseous matrices are
also dealt with. Calibration procedures and apparatus for generation of standard gaseous mixtures are described. Advantages
and limitations of SPME based gas chromatographic methods of air organic pollutants are discussed. [0 2000 Elsevier
Science BYV. All rights reserved.
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1. Introduction

A vision of progress, and the pleasure of discov-
eries and inventions, obscure the accompanying
negative effects. Chemicalisation of all areas of
human activity, so characteristic for the present
world, results in the omnipresence of unwanted
chemical substances in air, water, soil and food.
Nearly a million of the ca 12 million known
chemical compounds are present in the direct en-
vironment of man at concentration levels of above
10" *°% (v/v) [1]. The majority are organic com-
pounds, many of which occur in the atmosphere,
indoor and workplace air. Problems related to or-
ganic air pollutants concern first of al: (1) human
health, (2) ozone and other oxidants formation, (3)
unpleasant odours of human nuisance [2].

Many organic air pollutants are thought to cause
genetic changes in living organisms, some are
proved to be carcinogenic, mutagenic and
teratogenic. These and other detrimental effects
make it necessary to monitor air for their content.

Harmful concentration is compound-dependent
and is one of main factors determining the con-
centration range within which a given pollutant
should be monitored. The second important factor is
the detection limit, which can be achieved at the
current state of the art. Progress in technology in the
last 70 years led to development of analytical
methods enabling simultaneous determination of
many sample components at increasingly lower
concentrations [3,4].

Determination of chemical substances in environ-
mental samples is generally a laborious multistep
process (Fig. 1). Anaytica methods for volatile
organic air pollutants should cope with the three
basic problems: (1) necessity of analysing very low
concentrations; (2) need for analytical standards (to
calibrate instruments and test applicability of meth-
ods) containing anaytes of interest on the level
comparable to concentrations in real samples; (3)
sample preparation for the final analysis should not
add to environmental pollution.

Many methods of air quality control have been
developed but, mainly due to insufficient sensitivity,
only a few can cope with increasingly difficult
analytical tasks. For example, injecting a 1-ml air

DECISION AND ACTION
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Fig. 1. Steps in the analytical process.

sample containing benzene at a maximum allowable
concentration (maximum allowable concentration
according to Polish regulation is 10 wg/m?®) into a
capillary gas chromatograph one generally introduces
two-orders of magnitude less benzene than the
detection limit of a very sensitive flame ionisation
detection (FID) system. Therefore, an analyte enrich-
ment step must be included in the analytical pro-
cedure [5,6].

Methods of organic air pollutant enrichment are
classified into three basic groups (Fig. 2) [7-9]:

(1) Dynamic methods. These are based on passing
a sample through a system tube in which components
of interest are trapped by freezing out, adsorption, or
chemical reaction. The sampling set generally con-
sists of a tube with an enriching medium, a pump
equipped with a power supply and volume measuring
devices.

(2) Denudation methods. The sample is passed
through a tube whose walls are covered with trap-
ping medium, reached by components due to diffu-
sion. These methods are applied when vapour enrich-
ments is to be accompanied by particul ate separation.

(3) Passive methods. In passive methods analytes
from the closest surroundings of a sampler reach the
trapping medium due to diffusion or permeation
processes. Movement of analyte molecules is free
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Fig. 2. Enrichment and isolation methods of organic contamination in air.

and no additional devices such as aspirators, rotame-
ters, etc., are needed.

Among the passive methods solid-phase microex-
traction (SPME) can be included. It is a relatively
new sampling preparation technique invented in the
years 1987—-1989 [10,11]. An increasing number of
papers deal with routine use of the technique [12—
20] as well as with new designs and applications.

The technique incorporates sampling, isolation and
enrichment into one step; the analytes are trapped on
a thin fused-silica fibre coated with a liquid polymer
or solid sorbent and then are desorbed into a
chromatographic mobile phase directly in an in-
jection port of a liquid or gas chromatograph. An
important characteristic of the technique is that it is
solvent-free (Fig. 3). Excluding a few special situa-
tions, SPME does not assure quantitative analyte
extraction; generally at equilibrium analyte concen-
tration in a sample is not negligible. SPME is an
equilibrium method and calibration, a crucial step of
analysis, requires special care.

2. Calibration — a crucial step of an analytical
procedure

2.1. General remarks

SPME-gas chromatography (GC)-based analytical
procedures (sorption of analytes on a fibre, their
desorption in a GC injection port, separation in a
chromatographic column, detection and quantitation)
[21,22] require careful calibration. Qualitative and
quantitative calibration can be distinguished; in the
former a compound is related to a given instrument
signal, in the latter analyte content (concentration,
amount) is related to an instrument response value
[23]. If the calibration step is not properly made then
results can be correct only accidentally; most often,
they could be a source of serious misinformation.

The calibration step generally consists of: (1)
preparation of proper standard mixtures; (2) the
calibration proper, i.e., conducting a given analytical
process for standard mixtures; (3) establishing the
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Fig. 3. Solvent-free sample preparation methods.

relationship between final instrument response and
analyte content (concentration, amount) in a sample.

2.2. Gaseous standard mixtures

The term *‘standard gaseous mixture’, though
seems quite unambiguous, can be a source of mis-

understanding. A gaseous mixture must satisfy some
requirements to be a standard mixture. The basic are
the following [24,25]: (1) concentration of analytes
of interest should be known with sufficient accuracy
(2-5-times better than that of a calibrated instrument
or method); (2) analyte concentration should be
constant for a long time (stability should be specified
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in a certificate). The stability requirement is difficult
to fulfil for components which are unstable, reactive
and considerably differing in volatility (possible
stratification); (3) availability of the same mixture
throughout all planned experiments; (4) possibility
of calculating concentration from such basic quan-
tities as mass, temperature and pressure.

Usually standard mixture preparation is not an
easy task, especidly if trace (ppm, ppb) and ultrat-
race (ppt, ppg, and lower) components are of inter-
est. In environmental analysis and monitoring this is
very often the case [26].

Though static and dynamic methods can be used
for gaseous standard mixture generation, the latter
are decidedly more common for low concentrations
[24,27-30]. Many dynamic methods are known and
new methods being developed. Very promising is the
approach based on thermal decomposition of surface
compounds obtained by chemical modification of
silica gel [31-34].

Nowadays commonly used are dynamic methods
based on permeation of analytes through semiperme-
able membranes, most often made of PTFE, poly-
ethylene and silicone rubber [35]. Membrane materi-
a should be characterised by high permeation coeffi-
cient, selectivity and homogeneity. Transport of
analytes from a container with a substance to a
diluting gas through the membrane generally de-
pends on the three phenomena: (1) dissolution and/
or sorption on inner surface of the membrane; (2)
permeation through the membrane (dissolution and
diffusion); (3) desorption or evaporation from outer
surface of the membrane to the diluting gas.

The final concentration of analytes in the gaseous
mixture is a function of material, thickness and
surface area of the membrane and of permeation
temperature and flow-rate of diluting gas.

Permeation techniques are used for analytes which
are gases, liquids and, in some cases, even solids
under standard conditions. They are very convenient
to prepare gaseous standard mixtures for calibration
of SPME—-GC-based methods of analysis of volatile
organic components in gaseous environmental sam-
ples.

In studies on SPME sampling static and dynamic
methods of standard mixtures generation were used.
They are presented in Table 1.

2.3. Calibration of solid-phase microextraction—
gas chromatographic analytical methods for
volatile organic air pollutants

SPME is an equilibrium process and, in most
experiments, total amount of an analyte originally
present in a gaseous sample is not introduced into a
GC system for analysis. Calibration of an SPME—
GC-MS system, a necessary step in such a situation,
can be performed in two ways generally used in
SPME-GC measurements of organic vapours in
gases.

(1) In one, GC response is first related to absolute
mass of a given analyte introduced into the GC
system by injection of standard liquid solutions. To
calculate the analyte concentration in real sample the
relation between the amount adsorbed by the fibre
and concentration of an analyte in the gaseous
mixture must be known. This dependence can be
found if the stationary phase volume coated on the
fibre and partition coefficients K, (aratio of analyte
concentration in stationary phase coated on fibre and
in gaseous sample at equilibrium) are known or can
be calculated from some other available quantities.
In field experiments sampling is generally performed
at ambient temperature which can differ from site to
site and from experiment to experiment and there-
fore, the dependence of K, on temperature should
also be known.

The problem of predicting K, values and their
temperature variability on the basis of some other
thermodynamic quantities was thoroughly studied by
Matros and Pawliszyn [28]. Use was also made of
isothermal retention times [36,37] and linear pro-
grammed retention indices [38,39] to calibrate poly-
dimethylsiloxane (PDMS) for air sampling. Using
this approach, GC should be first calibrated with
respect to analyte mass by injecting known volumes
of the standard solution of analytes in a convenient
organic solvent.

The above approach can give reliable results
provided that the influence of any other parameters
of the sampled air is negligible or known with good
accuracy. Thermodynamic considerations and experi-
ments show that logarithm of K, changes linearly
with a reverse of absolute temperature. Though the
effect of sampled air humidity in the air analysed on
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Table 1
Generation of gaseous standard mixtures for SPME—GC analytical procedures calibration
Anayte Matrix Method of standard mixture generation Ref.
Volatile chlorinated Atmospheric air Satic
hydrocarbons To flasks of 11 and 0.5 | containing methanol gaseous standards were added. [40]
Equilibration time: 5 min. Temperature effect on extraction studied in the range of 0°C-25°C.
Conditioning time: 10 min. Humidity effect studied at 25°C. Each water portion (50 wl) increased
humidity by 25%
BTEX, chloromethane, Air Static
chloroethanes To a 1-| flask a standard solution was injected through semipermesble membrane. [27]

The flask was kept at a temperature of 100°C for 10 min., then cooled to room temperature
for andysis. Calibration was made starting from the lowest concentration. Gaseous standards
were prepared just before analysis

Ethanol, acetone Human breath Satic

To a 1+ flask required amounts of analytes (ethanol and acetone) and 39.7 pl water were [41]
added — mixture became saturated with water vapour. Mixture kept at 35+0.2°C

(water bath) for 30 min

BTEX, mesitylene, Environmental Dynamic
a-pinene, samples Methods based on dilution of volatile compounds vapours diffusing from via [28]
d-limonene, of 1.8 ml volume. Gaseous mixture generation set comprises air compressing system,
n-pentane, 20 | mixing chamber and flow-rate meter, temperature and pressure controllers.
n-hexane, Diffusers were used to give required humidity to the mixture
n-undecane
Formaldehyde Indoor air, Dynamic
workplace air Kin-Tek gaseous standard mixture generator applied. Nitrogen was a diluting gas; [42]

Kin-Tek permeation tubes supplied formaldehyde to the diluting gas at a constant rate.
The system was equipped with diluting gas flow-rate meter and temperature controller.
HCHO permeation tubes were NIST certified

Benzene, toluene,
chlorobenzene, xylenes,
carbon tetrachloride,

Indoor air, Dynamic
laboratory air

Permeation based generation of gaseous standard mixtures. Assumed humidity was [29,43]
given to the mixture by passing it through two thermostated gas washers filled

n-decane with saturated agueous salt solutions (CH;COOK, KNO, NaNO; a 20°C, 45°C,
66°C; respectively). For dry air measurements, humidifying washers were removed
and drier packed with 5A molecular sieve was installed at a diluting gas inlet.
Facility to regulate gas mixture temperature was regulated

the K values has been dealt with in a few papers the
situation in this respect is not fully clear.

(2) In another calibration approach, gaseous stan-
dard mixtures containing analytes of interest at the
appropriate concentration are used. The sample and
standard gaseous mixture are subjected to the same
analytical operations; calibration becomes an integral
part of an analytical procedure. The result obtained
when using this calibration approach are expected to
satisfy quality assurance (QA) requirements. When
operating in a linear range of the SPME—GC system
the final result can be calculated from ratios of the
instrument response to an analyte in a real sample
and in standard samples.

Calibration based on identical interchangeable
analysis of real samples and a gaseous standard
mixture could be very convenient provided that the
gaseous standard mixture of accurately known and
constant concentration is available, the mixture
generating apparatus makes it possible to sample
analytes in an easy manner, and parameters of the
mixture such as temperature, humidity and analyte
concentration can be controlled in a simple way. If
this is the case calibration SPME—-GC can be nearly
as easy as finding a relation between GC response
and analyte mass by injecting liquid standard solu-
tions. When using the same fibre for calibration and
for analysis of real samples many errors related to



J. Namiesnik et al. / J. Chromatogr. A 885 (2000) 405418 a

fibre characteristics are eliminated. This approach
was described in a number of papers dealing with
analysis of various organic vapours in gaseous
samples.

3. Practical applications of a solid-phase
microextraction technique

Depending on matrix and analyte of interest two
ways of sampling can be distinguished: direct and
indirect. Analytes can be directly sampled from
gases and from relatively clean aqueous matrices. In
the case of solid matrices and agueous samples
containing some solids, oils and some other fibre
coating unfriendly components, volatile analytes can
be sampled from headspace (Fig. 3). Technicaly
sampling from gaseous matrices and from head space
are very similar. However, an equilibrium between a
condensed phase (solid or liquid) and head space
must be taken into account to derive analyte con-
centration in a sample from the amount trapped on
the SPME fibre [44]. An important step in the
process is analyte transport from the sample to the
head space [45].

Transfer of analytes from the medium studied to
the GC column with use of SPME consists of two
steps: extraction of analytes from a sample and their
desorption in an instrument for final analysis.

3.1. Extraction

For analyte extraction, the fibre is withdrawn form
a needle of an SPME sampling device and immersed
in a sample. Analytes undergo distribution between a
matrix and fibre coating. Both type of coating and
film thickness influence the extraction. An increase
in film thickness improves sensitivity (for a given
equilibrium concentration in a sample, amount ex-
tracted is proportional to coating volume) but
lengthens sampling time (equilibration time is in-
creased). Extraction is strongly influenced by fibre
coating; volatile organics from air matrices are
commonly extracted with use of PDMS, Carboxen
and Carbopak B. BTEX (benzene, toluene, ethyl-
benzene, xylenes) are most effectively extracted by
PDMS [27] but a mixture of PDMS and Carboxen is
more selective with respect to these aromatic hydro-

carbons [46]. Polar acetone, ethanol, isoprene and
terpenes are very effectively sorbed on a PDMS—
divinylbenzene (DVB) coating [41,47]; recovery is
even better than with use of very polar polyacrylate
(PA). Table 2 presents applications of various SPME
fibre coatings to analysis of different organic air
pollutants.

Extraction can be improved by internal fibre
cooling, salting out and derivatization.

Fibre internal cooling [22,55,59,81] is useful in
extraction from headspace (HS) when sample tem-
perature must be increased to improve analytes
transfer from a liquid or solid sample to the head
space. To maintain high fibre coating/HS coeffi-
cients fibre temperature must be kept low. This
approach ensures increased sensitivity due to in-
crease in partition coefficients of HS/sample (in-
crease temperature) and fibre/HS (decrease tempera-
ture) and hence increased ratio of anayte concen-
tration in the fibre coating and the sample.

Salting out [52,62,78,82,83] is used to decrease
solubility of analytes of interest (including polar
ones) in liquid samples. This results in better HS
extraction and the increased overal SPME/sample
partition coefficient.

Derivatization is based on analyte conversion to
another compound by reaction with a specially
selected reagent. An analyte derivative should be
characterised by better and/or more selective SPME
extraction and by polarity, volatility and thermal
stability which make its thermal desorption from a
fibore and gas chromatographic analysis possible.
Generally reactions which are quantitative and give
only one product are used for derivatization. Typical
analytes analysed in this way are carboxylic acids,
alcohols, phenols, amines and some pesticides. In
SPME sampling from gases usually two derivatiza-
tion approaches are used.

(1) In-matrix derivatization is based on addition of
a derivatizing reagent to a container with a sample
and extraction of a derivative from HS [82]. This
approach was used to analyse chloroacetic acids in
water as methyl derivatives [72] and C,-C, fatty
acids in air by derivatizing them with solutions of
perenyldiazomethane and (pentafluoro-
phenyl)diazoethane. Other applications include de-
termination of lead ions in water by converting them
to tetraethyllead in reaction with sodium tetra-



J. Namiesnik et al. / J. Chromatogr. A 885 (2000) 405-418

412

O.06¢

=9 ‘uw g=a ‘00z="1 Joueyp|uayd-¢ wl ooT
[9g] SW-09 (x (1)> ‘Uw OT=3  ‘Sjoyodfe auedse) ‘eeoueIBp|AyIe ‘91R0UEIN0IAYIT 'SWad Seloze UM
24092=91 ‘uw g=q wr 00T S[10 apnJo Wi} paresoush sajdures
[sv] SW-09 oT> (6€2€T) 0,86="1 ‘Ul 0z=3  eudleydeu ‘BuUBZUBY|AINg ‘suezusqfdoid ‘X314 ‘SWad UOIJe1} POTEPOULLIOITR SO
2,06T=1 ‘U T=@
2,08 ‘00TT="1 wrl opg (SH)
[gq] SW-09 or> (€0)> ‘Ul §-z=30,006="1 X314 'SWad Bremasem ‘sfpns fely  sdedspesH
sl ai4-09 (x £0-5200 ‘Ul g=Q ‘Ul 0T=3 (50-°0) spioe Aed wrl 08 ‘wd poyoeds 0N
24062="1 (91 ‘aumuny
[eg] ao3-09 96 [T0 U T=Q ‘U T=3 apAueplewiod wr 2 ‘'SWad 8psUl i) S30LITeW IR eI
24062="1 sl |Ausipesspexay-TT-510°,-510 wrl ooT
[s1] a4-09 1> (x ‘Uw 9=q ‘ulw =3 ‘Slepoe [AUBIpesspeXeH-TT-SUely /S 'SINad Ssoue.fel) pue suwnyed
wrl ooT
20Tg="1 ‘uw 1=@ ‘ana
[ev] ai4-09 > 9¥ ‘uw z=3 apAuepiewiod -SINad sainsodxe [euoirednaoQ Il feLIsnpu|
200e=1 ‘U §0=a wr 6/ 'SWad SIEd pue suel
lz1] Qi4-094H GT> (2)-(r0) ‘ulw 09-1=3 xalg Juexoqe) ‘sBuip|ing apsul Jie oopu|
SW-09 2400="11 wrl g6
[ov] ‘a03-09 LT 0T-T00 ‘Ulw g=q ‘ulw 0T=3 SUOCE0IPAY PeTRULIOILD B|1RJOA 'SWad AKiopeioce| pOIWRYD
2002="1 wrl gg
[es] @o3-209 G> 0T-100 ‘U €=Q ‘uw §=3 SIURUILRIU0D D1LeBi0 pereuslofRY B|1RIoA 'SWad payyioeds 10N
240e2=11 w ooT
[1a] SW-09 43 200 ‘Uw T=Q 'ulw =3 suoqeaoipAy pereusfiofey 8|1e|oA 'SWad jood Buwwims up a1y
2052=91 8Ueaap-U ‘auB|Ax-d w 00T
[os'6e] SW-09 (« S02°0-200'0 Ul T=Q ‘U GT=3 '8PLIOJyJe1IB) U0GeD ‘BUBZUBGOI0JYD ‘BLBN|oL 'SWad SRy Uiy IR Joopul
20vz="1 aUexayoofojAyew ‘aue1doos|
l6v] a-09 ST> 168> Ulw T=Q 'ulw €=3 auexey ‘X314 g09  efeweb Hupyred punosbiepun ul ity
24092="1 ‘uw g=a wrl ooT
[sv] SW-09 € 6'€LZ-€T ‘uw 0z=3 sauseyydeuife ‘saus|Ax ‘euszusg AR 'SNad S9(des [eIuBWLOIIAUT
2, 0cz="1 wrl ooT Ie
2] ao03-09 9-GT 02-500 U Z=q ‘uw ¢>3 X314 'SWad Sodures iuBWUOIAUT - LBydsownY
(%) [(xdd) 0 qdd] SsuonIpuod
Py sshewe euy asy aon uondiosap pue uoldelg aljeue pbre Buireoo a1q4 XURWN

S9olew snoaseb Jo) JINGS Jo suoireoldde pausiignd

¢9olelL



413

J. Namiesnik et al. / J. Chromatogr. A 885 (2000) 405-418

2]
[99]
(59]
[e9]
o]
[eal
(19l

[09]

[6s]

[8s]

(28]

[sv]

[6€]

[9g]

SN-09

ai4-09

ao3-29

SW-09

0dN-09

SN-09

SN-09

ado3-09

SN-09

SN-09
o ai4-09

SN-09

ai4-09

ai4-09

SW-09

JARA

¥1-¢

81-90

¥

ST

(002)

GT1-¢000
00¢ v.-0T¢
002-9T
000Z—000T
(+

>

(ee0-21°0)

(0s5-2)

>

24062=1

2,50T="1 ‘U o7=3
24092="1 ‘U g=q
2,02="1 ‘Ul Gz=3
24062="1"uw §T=q
(040z—)-#="1 ‘um og=3
24062="1 ‘uw >q
20¢="21 ‘um or-§ ‘0=3
2,08T="1 ‘U T=@
2,00T="1 ‘U 0z=3
24062=1 ‘Ul 1=@
2:62="1 ‘uw 01>3
20kg=1"u g=a
2,0.="1 ‘Ui pg=3
206z="1"uw g=a
008="1 ‘U pg=3
2405T="1 ‘uw 1=a
2408 ‘00TT="1

uw 6>3

2400 ‘0002="1
‘uw z ‘1=a

24007 ‘006="1

‘U G-1=3
24002="1

‘U g=a ‘0Ge="1
‘Ul 09-z=3

2,002

=91 ‘uw z=qa ‘uw og=3
24062=1 D5z="1

‘Yye=3

24052

=9 ‘uw g=a '0.0z="1
‘Ul oT=3

pes| oluo! ‘pesiAueesie L

apAuepEROY

SIUUIURIUCD 3|1 |0A pateuslioeH £E
joyiuew ‘auow| ‘auauid-g ‘BusdIAN-g
saplonsad snoJoydsoyd-ueboniN
S9j0Ze1y) ‘sueuny ‘ssukpuiAd ‘ssuizeshd
spunodwiod 91109ds

SaUBZUB] ‘Saul|IUe ‘SaUSZUBO.NU
'S8URZUSC0I0|YD 'Saul|ILieo.} iU ‘'Saul|ILeO.o YD
X3lid

‘aUsZUBYOIO|YD ‘SLreYIS0.0|YoowWwoIqIp
‘UeUIR0.0|Ud L} ‘SpLIojyJe.s)

uogJed ‘Wlojolojyd ‘Bueyeo.o|ydlq-T'T
arpIkR |Ausxay-g-sP

‘arouexay [Ayp ‘srlAing |Ayl ‘susuowi
ueideaow |AIng-u

‘Ueidedsewl|Aing-11J8) ‘Buszueg

sauByydeu oNeLoR ‘SaLBURY 0S|

(Joueyse ‘joueyW) SjoYooR ‘SRRERIAYIT

wrl ooT
'SWad
wl ooT
'SWad
w ooT
'SWad
wl oot
‘SWad
wl oot
‘SWad
wrl 0T
'SWad
wrl ooT
'SWad
wl ooT
'SWad

wrl ooT
‘SNGd

w ooT
'SWad

wrl ooT
‘SNGd
w ooT

‘SWad
wrl ooT
‘SGd

wl oot
'SWad

BEM

S9Mog 13d Ut Brem Bunuug
sabielanaq ‘spooy ‘suopn|os snoanby
S10e1Xe gJey SauldIpRW fegReH
(uin ‘poojg) spinjj Apoq vewnH
spunoduuiod uoepeibep

Ppw.ey) sebins pue uondesl peiN

sfauoy Moy} ajfuis

s|ios

souRW A2 pue pues ‘snosnby

pues ‘abns snoenbe *‘jelemeisep

l0 ajqelban Ul oAy Jenng

‘afesonaq aoin[ 11y ‘994409 punoIS

eIpaW snoanby
SU0GeI0IPAY
wnejoliad ynm painjod LM

Sewiole suIp\



J. Namiesnik et al. / J. Chromatogr. A 885 (2000) 405-418

414

‘(reeb10/6U) Junowe =, ‘UBAIB 10N =, “Butioluow uoi peleps=NIS ‘Buexo|s|AypwipAjod=SNad
‘are|Aioejod=\ ‘UoIRINSD PIEPUEIS BARRI=ASY UOHSIP JO HWI|=a0T ‘U0NN|0saI YBIy=4H foe[q uogeo peshiydelf=go9 uonosiep oupwoloyd sweli=(d4 UONISIP UOHESILO 8URlj=q |4 U0NIBIP 8Inideo-UoNd P =003
‘sl eyIydese) aus|AyAjod=13d ‘09 [UOSUBLUIP-OM) BASUBLRIAW0I =09 gD ‘SauB|AX ‘Uszuego|AUle ‘aLen|o) ‘suszusd= X319 ‘2inesedwe) uondiosap= 71 ‘swn uondiossp=Q ‘auneseduwe) yrq="=1 ‘sw uonsodxe aigH=3,

2:8/2=1 wrl g
[08]  SW-WIS-09 > x+(00€-8°€) Ul z=Q ‘uw 09=3 spunodwiod d1joueyd W 9YOUS WesJsure
2,00=1 s 0z=a auopR wrl g9
SW
[ty]  denuoi-09 eT> 0€0> 2,9 ‘9e="1 ‘U 7=3 ‘suaidos| ‘ol ‘gAd-Xemoqrd yreaiq uewnH
24002="1
621 ad4-09 (x 00T ‘uw g=auiw 0T=3 apwydins 1Ay ‘spiydins [Ayswip sueydolyl  w 00T ‘SINGD  UBBoau ‘@umxiw seb sueng-suedoid
24002="1
‘U §0=a ‘D52=21 sdnoJf feuonouny Jo ABLEA B pUR
€] aH-09 (x #0'0-000€ ‘uw 0g=3 Swiore uoged 9T-T Bureiuco spunodwod T2 wir 00T ‘SINAd BINXIW SN0SSe SYo
20rz="1 ‘uw 1=a aUeXaUO PAI|ALBW ‘BLBIO00S|
l6v] a9 I~ 01-T 2:52="1 ‘uw gz=3 ‘auexey ‘X319 409 poojq vewnH
DL ‘08 ‘0Ge="1
[8z] a4-09 G8> (zsT1) ‘U GT=3 X319 [00RYD PORAIDY  POZIUORD 'P3||ISIP-Ig ‘BRM de) 0]
24022="1 ‘U z=q ueinjozueq
2409 ‘052="1 9fnuozusq ‘joueyd ‘souezuego e wl 68
[22] SW-09 or> 0/T-0T ‘uw 0g=3 ‘proe 21jAxoqed perRINIES ‘Wl0joIolyD W sabeyosip JermeIse
210Ue100 ‘dloueiday ‘onedeojAueyd Wit 68 ‘v w g9
[oz] SN-09 (x (x (x ‘dl0zuUBq ‘dloueXay DLBEA DIBEAGS|  ‘AAd-XeMogrd sapelb 000eqO} peno-eniy
2,002="1 ‘U z=q wrl g9
[a] S-09 (x 000 02> 2,0.="1 ‘U GT=3 foueinqos| ‘joueyia  ‘dAQ-Xemogqred spiny Apog vewnH
2,092="1 ‘U 6=@ wrl g9
[99] ai4-09 (x T 2,02="1 ‘U Gz=3 opAlppRrIdY  ‘gAQ-XemogeD S9Hoq 13d Ut serem Bupulg
ao3-09 (€1-10) 000€="1 ‘Ul z=a suogeaoRy “0-'0 wrl g
lov] a4-09 (x (09-05) 0,62="21 ‘U pg=3 Xalg ‘SWad-texoqeD BRMPUN0ID
BUB AN Ayl uogeo autjosel ypm syuey sbelos
b2l ai4-09az0 o1 £€9'0-920 (+ ‘RUR 1Ang-1ek-|Ayew X319 snoiod-SNGd  punoiBiepun Buies| Jesu BEMUNOID
wrl g9
2402¢="1 ‘U 6=@ ‘ana
SW
] den-uor-09 €Tl 6'92-120 20v="21 ‘uw og=3 S3|11eJOA Inonel4 -SINad somnfin4
20Tg=1 ‘U 1=q wrl oot
[ev] a4-09 > o> 262="1 ‘U z=3 apAuepleLLoy ‘dAd-SINad spnpoud Bup|ing ‘soleLSOD
wrl
el SW-09 eT-v (x M W 08T-06=3 sjoueyd ‘suogeooipAy olewore 21pAdAod 'SWad Blew a1uebio owny U you BIRM
24062="1 ‘U §0=a wrl og
[e] ao3-09 (x 00797 2,00T="1 uw z=3 Spioe dlis%e perRULIoIYD 'SWad BEm Bupuug
24002="1 ‘um G=q
[12] SW-09 (x (002-02) ‘008 “002="1 uw 0g>3 spunodwod 21uebio 3|1.IoA 09 wrl g6 ‘SWad Bem Bupuug
aH-09
JPWLBYICS! 24062="1 ‘uw z'0=a
[o2] peads-ybiH 71> (x 2,06T="1 ‘uw z=3 X3Lg wrl 6T 'SWad BEM
2.08T="1 ‘um z=a
[69] ai4-09 0z (0L0-61°0) 2u0r="1 ‘U 0G=3 X314 wrl 95 ‘SNAd BEM
uw z=@q w ooT
[89] ao3-09 T1-€ (1)> 2,06="1 ‘Ui gg=3 siAueydig pareutiojyoAiod 'SWad BEM
(%) [(xdd) 0 qdd] SuonIPUOd
Py sshewe euy asy aon uondiosap pue uodelg aleue pbre Buireoo a1q4 XURWN

penunuo) ¢ aideL



J. Namiesnik et al. / J. Chromatogr. A 885 (2000) 405418 415

ethylborate and extracting it from HS [67,84] and tin
[85].

(2) On-fibre derivatization: Derivatization is con-
ducted directly in SPME fibre coating [86]; the fibre
is immersed in reagent solution and then exposed to
an analysed gaseous medium. Examples of this
approach is determination of formaldehyde [42,53]
and low-molecular-mass organic acids in air [87].

3.2 Introduction of analytes into a gas
chromatographic column

After exposition to a sample, the fibre is with-
drawn into a needle of on SPME device and intro-
duced into an injection port of a gas chromatograph
by piercing the needle through a septum. The fibre is
extended from the needle in a hot GC injector,
analytes thermally desorbed and transferred with
carrier gas into the column. The injector temperature
should be high enough to ensure quantitative and fast
desorption (analyte band is then narrow). The upper
desorption temperature is limited by thermal stability
of coating and analytes. To speed up desorption and
obtain narrower bands special SPME devices with
internal fibre heating are sometimes used [88]. For
desorption band focusing special tubes placed be-
tween the injector and the column can also be
applied [70,88].

3.3 Final analysis

To identify and quantitate analytes isolated and
enriched by SPME and then separated in the chro-
matographic column different detectors were used.
Detector selection depends on required sensitivity
and selectivity to perform a given analytical task. For
analysis of many typical volatile organic pollutants
in air on a level of pg/l SPME was combined with
GC equipped with FID [11,89-93]. In some special
cases a level of ng/l was achieved with ion-trap MS
detection [59,67—-69,87,94—96].

34. Special designs

Typical SPME devices have been designed for
laboratory operations. Pawliszyn [97] proposed some
modification for remote monitoring. By adding a
tube with a small opening to cover a needle, Groth

and Pawliszyn [41] obtained a convenient design for
breath analysis.

In field sampling it is very important to preserve
extracted analytes on a fibre for a longer time and to
protect the coating from contamination. As Chai and
Pawliszyn [27] showed capping a needle with a
polymeric septum prevents even light analytes from
losses but only for short time. Cooling to (—70)°C
extends the storage time considerably. Organic ana-
lytes can dissolve in polymeric material and more
appropriate approach is based on metal to metal
sealing [97].

3.5. Coupling of solid-phase microextraction with
other preconcentration methods

Many present day analytical tasks consist in
simultaneous determination of trace components of
different polarity and volatility in complex matrices.
Generally no single sample preparation technique
can be satisfactory in such situation and combined
systems are used. For simultaneous determination of
volatile and semivolatile analytes supercritical fluid
extraction (SFE), solid-phase extraction (SPE) and
HS-SPME were combined [97].

The authors propose combination of passive
dosimeters and HS-SPME to determine trace BTEX
(below 1 pg/m®) in ar [17]. Temperature and
humidity of the studied air have then a smaller effect
on results. Generally analytes are stable after passive
sampling and can be stored for arelatively long time
before they are subjected to HS-SPME analysis.

3.6. Comparison of solid-phase microextraction
with other sample preparation methods

SPME is an aternative method for the isolation
and enrichment of volatile and semivolatile analytes
directly in liquid and gaseous matrices and in liquids
and solids by sampling headspace. In many situa
tions HS-SPME gives comparable or lower detection
limits than static HS or PT [71]. Generaly it is
simpler and faster than PT technique and more
sensitive than static HS.

In the case of original gaseous matrices such as air
SPME has obvious advantages over passive sampling
and dynamic sorption on activated charcoal, what



416

Table 3
Advantages and drawbacks of SPME
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Advantages

Drawbacks

(1) Long lifetime of SPME fibre as compared with sorbent packings used
in SPE cartridges (ca. 100 operations) — this decreases analysis costs
(2) Solvent-free sampling and analyte introduction into a GC column

(3) Wide linearity range and relatively good precision of analysis
even in the case of complex matrices
(4) Often elimination of sample clean-up and any sample preparation

(5) Possibility of automating sampling and sample injection into a
measuring instrument

(6) No clogging problems met in cartridge SPE

(7) Short sampling time (2—-15 min)

(8) Applicability to a wide spectrum of analytes in a variety of matrices

(9) Compeatibility with different GC injection ports: splitless, on-column
(if equipped with independent heating system), programmed
temperature vaporiser

(10) Easy field sampling

(11) Applicability to gaseous, liquid and solid (HS) samples

(12) No need for GC modifications

(1) A fibre is quite fragile

(2) If partition coefficient is high and/or a sample
is small it can be analysed only once

(3) In combination with GC, high mass
compounds cannot be analysed

(4) Abundance of parameters which can
affect precision considerably

(5) In many situations difficulty to select fibre
coating of polarity close to polarity of analytes.

was proved, eg., for BTEX and other benzene
derivatives [48].

4. Conclusion

As stressed by many users, the analysis with use
of SPME is quite simple and easy. Routine analytical
work with use of SPME can be automated [16,18].

Advantages and drawbacks of SPME are presented
in Table 3.
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