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Abstract

Solid- phase microextraction (SPME) is a sample preparation technique which
has been rapidly developing since the basic concept of SPME was first described by
Bdardi and Pawliszynin 1989. It consists of two processes. partitioning of andytes
between the stationary phase immobilized on afiber and the matrix (air, weter, etc.),
and followed by sequent desorption of the concentrated andytes into an andyticd
ingrument. The technique is solvent-free, Smple, inexpensve, efficient, sdlective and
compatible with awide range of separation methods and applications. In this
dissertation, research work has been focused on the fundamental studies of the
properties of different fiber materids. With suitable sationary phase, the partition
coefficient of an andyte between the stationary phase and the sample matrix can be
dramétically improved, which resultsin the dramaticaly increase in senstivity of the
method.

The objective of this study isto (1) provide further experimenta datafor the
refinement of SPME theory; (2) eva uate the performance of severa home-made fiber
codting in terms of adsorption property, reproducibility and durability; and (3) apply
the technique to avariety of semivoldile organic species with different chemica
properties encountered in environmentd, clinica and biologicd samples.

The dissertation is composed of six chapters. In the first chapter, the
packground of the research will be given. Topics to be discussed include the theory of
the different modes of extraction, factors affecting sengtivity, the effect of sampling
time, the sorbent materials and areas of gpplications.

In the second chapter, results obtained from the gpplication of SPME on the
andysis of PAHs and NPAHSs (polycyclic aromatic hydrocarbons & nitrated
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polycyclic aromatic hydrocarbons) will be presented. The andytica characterigtics
and performance of SPME for NPAH andysis are investigated in comparison with
PAHs. SPME is used for the andyss of NPAHsfor the firgt time. After experimenta
optimization, the thermal desorption temperature of NPAHsis 200°C. Desorption in a
higher temperature will resulted in the therma degradation of NPAHS, which does not
occur to PAHs. Though NPAHSs have smilar structures with their parent PAHSs
except for nitro, the equilibrium time of NPAHSs are much less than those of PAHS.
The vdidity and advantages of SPME sampling under the non-eguilibrium Stuation are
illugtrated. The linearity of the calibration curves for NPAHs and PAHSs submits new
evidence for the quantitative andys's of SPME in nonequilibrium Stuation. Andytica
parameters including the linear range, limit of detection, precision and the effect of
sodium sulfate are investigated. Performance of the devel oped method are compared
with the US EPA standard methods.

In the third chapter, a new method for estimating the octanol-water partition
coefficients of NPAHs and PAHs by SPME with different fiber coatings will be
described. SPME are used for the measurement of the partition coefficients of eight
NPAHSs and ten PAHs. The partition coefficient hereis defined as the partition of the
substance between the SPME coating and the water. A linear relationship between the
partition coefficients (Ksw) obtained by SPME and the octanol-water partition
coefficients (Kow) measured by conventiona method are established for both classes
of compounds. A theory of free energy relationship is used to explain the correation.
Results demondtrate that SPME provides an smpler aternative to the conventiond
methods for the measurement of octanol-water partition coefficients. The partition
coefficients of direct carcinogens NPAHSs have not previoudly been reported in the
literature. The new information obtained here is therefore of value to those involved in
the study of the biologica activities of NPAHS.
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In the fourth chapter, saverd inexpensve home-made SPME fibers are
developed. The andytical performance of these fibers are evauated againgt those
obtained commercidly. Two home-made fibers coated each with silicone rubber and
C15 bonded silica gationary phase, respectively, show good mechanica strength and
andytical performance. The dlicone rubber fiber has good adsorption property the
same as the commercia polydimethylsiloxane (PDMS) fiber but is consderably
cheaper to make. It is suitable for the rapid screening of complex samples. The mass
transfer rate of the andytes from the sample solution to the fiber coeted with Cyg
bonded slica gationary phase is very fast. Thus, the andytes can quickly reach
equilibrium during SPME sampling and aso readily desorbed thermally. Both fibers
show promising future for gpplications in trace organic contaminant andyss.

In the fifth chapter, new methods for the analyses of some drugs by the
homemade SPME fiber coated with C;5 bonded slica stationary phase will be
present. The home-made C,3 bonded silica particle fiber is applied to the analyses of
some drugs including heroin, methamphetamine, codeine and morphine for the first
time. The effects of sampling time, pH and ionic srength are investigated. These
methods show good sengitivity, reproducibility and sdectivity for methamphetamine
and codeine. They are successfully used for the andyses of the metabalites of heroinin
urinary samples and the primary compoundsin a opium sample.

In the sixth chapter, A new SPME technique involves headspace derivatization is
developed and successfully applied to the analyses of 6-monoacetylmorphine,
morphine and codeine for the firg time. The sengtivity of the method is dramaticaly
improved over conventional method by the morphine test paper. In addition, the
SPME method can distinguish the different compounds with the same morphine rings
while the morphine test paper cannot. A homemade fiber coated with C,5 bonded
slica gationary phase is used in the experiment. The fiber can endure organic solvent

K2 ®,
o 8 %



1 Objectives and Background of the Research

better than the commercid fibers. Under the same experimenta conditions, the
homemade fiber is much more robust and has alonger lifetime (at least 50 times) than
the commercid fibers (no more than 5 times). This new method is successfully used
for the detection of abused heroin.

K eywor ds: Solid- phase microextraction, gas chromatography - mass spectrometry,
water andyss, drug andysis
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1.1 OBJECTIVES

The objective of this sudy isto (1) provide further experimenta data for the
refinement of SPME theory; (2) evduate the performance of severd home-made fiber
coating in terms of adsorption property, reproducibility and durability; (3) apply the
technique to avariety of semivolatile organic species with different chemica properties

encountered in environmentd, dinica or biological samples.

1.2 BACKGROUND OF THE RESEARCH
1.2.1 Introduction

An andytica processtypicdly conssts of saverd steps, including sample
preparation, sample anayss, data handling, etc., each of whichiscritica for obtaining
accurate and reproducible results. A sample analysisflow diagram isillugtrated in
Figure 1.1. Over the past several decades, advances of instrumentation and
microcompuiter technology have led to the rapid improvement of andysi's speed,
resolution and automation. In contragt, there is little improvement in reducing the labor
and time spent on sample preparation. Many andytica chemigts fill use time-
consuming manua methods that have been around for decades. The results of one
survey (Figure 1.2) indicate that, for dl respondents, typicaly two-thirds of the
andysistime is spent on sample preparation, considerably more than those spent on

sample collection, analyss,

< 10 «
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Sample ) Sample > Data
Preparation Analysis Handling
Sample Report
Collection Generation

Figure1.1. Sample-analysisflow diagram.

Figure 1.2. Survey resultsfor the partition of timethat analytical chemists spend on

sampleanalysis.
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Figure 1.3. Survey resultsfor the partition of error generated during sample analysis.
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and data management™. In addition, survey data on error propagation for amethod
(Figure 1.3) indicate thet typical sample processing accounts for at least one-third of
the error generated during the performance of the entire andytica method; and
operator-generated error is responsible for ~20%4. Clearly, improving and
automating the sample preparation step will reduce analysis time, decrease the error
and improve sample throughput.

A sample preparation step is often necessary to isolate the components of
interest from asample matrix, as well asto purify and concentraie the analytes™.
Many sample preparation techniques are widdy used in anayticd laboratories, such
as extraction, filtration, headspace, didys's, derivatization, evaporation, dissolution,
concentration, centrifugation, pH adjustment and others?. Extraction technique also
conggs of liquid-liquid extraction (LLE), liquid-solid extraction, solid phase extraction
(SPE), supercriticd fluid extraction (SFE), therma extraction, etc. However, some
commonly used sample preparation practices are still based on old technologies. For
example, Soxhlet extraction (one kind of liquid-solid extraction) was developed more
than 100 years ago™. The traditional methods are often associated with alot of
problems. They are usudly time-consuming, and require alarge amount of organic
solvent. The complex multistep procedures involved often result in the loss of analyte
during operétion. This frequently makes sample preparation step the mgor source of
error in an andyss, and prohibits integration with the rest of the andytica process.
Anided sample preparation technique should be solvent-free, ample, inexpensive,
efficient, selective, and compatible with awide range of separation methods and
applications. Idedlly, it should be able to perform smultaneous separation and
concentration of the target species, and aso facilitate opportunity for onSte extraction
and andyss. Solid- phase microextraction (SPME) is a technique which can potentialy
offer such advantages™.

K3 ®
o< IZ <
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The basic concept of SPME wasfirst described by Belardi and Pawliszynin
1989, It consists of two processes: partitioning of analyte between the extracting
phase immohilized on afiber and the matrix (air, water, etc.), and followed by
subsequent desorption of the concentrated anadyte into an anaytica ingrument®. The
initid work on SPME was exclusively done for SPME/GC coupling”*Y. Then the
interfaces for SPME/HPLC couplingt**™ or SPME/CE coupling™*® cameforth
continuoudly. To date it has been able to combined with many analytica ingruments™®
9 and widdly used in differently andytica fidds®%, especidly in environmenta
andyss®2*# Figure 1.4 illustrates the number of published papers about SPME
during the past ten years. The number nearly doubled from 1992 until 1997 but
holding steady in 1998, i.e. gpproximate 100 papers per year.

Figure1.4. Thenumber of published papersabout SPME during the past ten
years. Published papers here are referred to those recorded by CCOD of 1SI.

% 13 %
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SPME isone kind of solvent-free techniques which attract widespread attention
due to regulatory pressures to reduce the use of toxic organic solvents. In generd,
most of solvent-free techniques may fal into one of three categories: gas-phase,
membrane and sorbent extraction. Gas-phase extraction, which belongs to nor-
sdlective phase trangtion techniques, aso includes gatic headspace samipling, purge
and trap and supercritical fluid extraction (SFE). However, SPME, as a sorbent
extraction, is quite different from gas-phase extraction. Coated with a selective
extracting phase, only a certain group of compounds can be well extracted by SPME.
Purge and trap iswiddy used as US EPA Test Method for volaiile compounds
(VOCs), for example, EPA methods 502.2, 524.1, 602, 624, etc. In contrast, the
inexpensive SPME method may reduce the sample preparation time and have
comparable performance in accuracy, precison, detection limit, and linear range™®.
SFE is another attractive solvent-free sample preparation technique for the andysis of
compounds, no matter how volatile, semivolatile or nonvolatile, because supercritica
fluids possess both gas-like mass transfer and liquid-like solvating characteristics.
However, SFE il requires an expensive, high-pressure delivery syssem and alarge
amount of high-purity carbon dioxide. The need for heavy equipment makes on-gte
fidd andysis much more difficult to accomplish than that by SPME.

Among the various extraction techniques, solid-phase extraction (SPE) isthe
one closdly amilar to SPME. It is such asgnificant sample preparation techniquein
the 1990'9?"% that it iswiddly used as US EPA Test Method for semivolatile
compounds (SVOCs) or non-volatile compounds, for example, EPA methods 515.2,
525.2, 608, 625, etc. Same as SPME, SPE is a phase sdlective technique. Many
sorbents are available for the selective extraction of different compound classes due to
the extengve development work done from 1970 until 1990, which may provide
abundant information for the devel opment

o 14 %



1 Objectives and Background of the Research

Table1.1. Comparison of SPME and SPE

SPME SPE
basis of extraction equilibrium exhaustive
% of molecules extracted <50% 100% (god)
% of moleculesinjected 100% <1%
time required 5minto 1 hour 5minto 1 hour
plugging not possible can occur
re-use of sorbent >50times once
solvent required none 10~50mL
automated (GC) yes no
EPA methods none >20

of feasible extracting phase for SPME. A comparison of SPME and SPE islisted in
Table 1.1.

Typica thickness of extracting phase on a SPME fiber isless than 100 nm,
which isinsufficient to exhausiively extract the compounds of interest. However, SPE
dlows only the anelyss of 1% sample per run, while the total amount of analyte on the
SPME fiber can beinjected into the analyzer. Thus, SPME method actudly has
comparable or better than SPE for trace andysi's, for example, accuracy, precison,
detection limit, and linear range in the analysis of polycyclic aromatic hydrocarbons
(PAHS). Although SPE consumes less labor, time and solvent in comparison with
liquid-liquid extraction (LLE), a sdective organic solvent is normaly needed first to
remove the interference, and then another solvent is needed to wash out the target
compounds. In contrast, solvent usage has been completdy diminated from the
sample preparation step in SPME. The compounds of interest can be readily
adsorbed or desorbed through the thin extracting phase on SPME fiber because of the

rapid mass trandfer rate during extraction and desorption. Furthermore, SPME can be
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reused more than 50 times and easly automated in GC operation while SPE cannot
adways.

1.2.2 Extraction
1.2.2.1 Theory
1.2.2.1.1 Establishment

Theinitid SPME fiber coating used was polymer, for example,
polydimethylsloxane (PDMS) or polyacrylate (PA). Thus, the dynamics of SPME
extraction can be assumed as a diffuson limited process, meaning thet diffuson isthe
only mass trangport mechanism in the system®™. No activation energy isinvolved in
the transfer of anayte between aqueous sample and fiber coating. In addition,
assuming that the diffuson only occurs in one direction (x-axisin Figure 1.5), the one-

dimensiond diffusion process can be described by Fick's second lawt®2

(1.1)

where C(x, t) isthe concentration of the andyte & position x and timet; D isthe
diffuson coefficient of the analyte. The total mass of the andyte adsorbed by the
polymeric coating as a function of time can be calculated byt®”

(1.2)

Louch et d. derived the quantitative equation of SPME techniquein equilibrium
studion as the following. The smple SPME extraction system is composed of fiber
coating and aqueous sample without any headspace. A mass balance equation exists
before and after the extraction:

n,+C,*V, =C,%, (1.3)

% 16 %
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