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Series Preface

There has been a rapid expansion in the provision of further education in recent
years, which has brought with it the need to provide more flexible methods of
teaching in order to satisfy the requirements of an increasingly more diverse type
of student. In this respect, the open learning approach has proved to be a valuable
and effective teaching method, in particular for those students who for a variety
of reasons cannot pursue full-time traditional courses. As a result, John Wiley
& Sons, Ltd first published the Analytical Chemistry by Open Learning (ACOL)
series of textbooks in the late 1980s. This series, which covers all of the major
analytical techniques, rapidly established itself as a valuable teaching resource,
providing a convenient and flexible means of studying for those people who, on
account of their individual circumstances, were not able to take advantage of
more conventional methods of education in this particular subject area.
Following upon the success of the ACOL series, which by its very name is
predominately concerned with Analytical Chemistry, the Analytical Techniques
in the Sciences (AnTS) series of open learning texts has been introduced with
the aim of providing a broader coverage of the many areas of science in which
analytical techniques and methods are now increasingly applied. With this in
mind, the AnTS series of texts seeks to provide a range of books which will cover
not only the actual techniques themselves, but also those scientific disciplines
which have a necessary requirement for analytical characterization methods.
Analytical instrumentation continues to increase in sophistication, and as a
consequence, the range of materials that can now be almost routinely analysed
has increased accordingly. Books in this series which are concerned with the
techniques themselves will reflect such advances in analytical instrumentation,
while at the same time providing full and detailed discussions of the fundamental
concepts and theories of the particular analytical method being considered. Such
books will cover a variety of techniques, including general instrumental analysis,
spectroscopy, chromatography, electrophoresis, tandem techniques, electroana-
lytical methods, X-ray analysis and other significant topics. In addition, books in
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the series will include the application of analytical techniques in areas such as
environmental science, the life sciences, clinical analysis, food science, forensic
analysis, pharmaceutical science, conservation and archaeology, polymer science
and general solid-state materials science.

Written by experts in their own particular fields, the books are presented in
an easy-to-read, user-friendly style, with each chapter including both learning
objectives and summaries of the subject matter being covered. The progress of the
reader can be assessed by the use of frequent self-assessment questions (SAQs)
and discussion questions (DQs), along with their corresponding reinforcing or
remedial responses, which appear regularly throughout the texts. The books are
thus eminently suitable both for self-study applications and for forming the basis
of industrial company in-house training schemes. Each text also contains a large
amount of supplementary material, including bibliographies, lists of acronyms
and abbreviations, and tables of SI Units and important physical constants, plus
where appropriate, glossaries and references to literature sources.

It is therefore hoped that this present series of textbooks will prove to be a
useful and valuable source of teaching material, both for individual students and
for teachers of science courses.

Dave Ando
Dartford, UK



Preface

This book introduces a range of extraction techniques as applied to the recovery
of organic compounds from a variety of matrices. In line with other texts in
the Analytical Techniques in the Sciences (AnTS) Series, discussion and self-
assessment questions provide the reader with the opportunity to assess their own
understanding of aspects of the text. This book has been designed to be ‘user-
friendly’ with illustrations to aid understanding. This text is arranged into thirteen
chapters as follows.

Chapter 1 introduces all the key aspects that need to be considered, pre- and
post-extraction. In particular, it highlights the range of organic compounds that
are extracted in analytical sciences. This chapter then addresses pre-sampling
issues by way of a desk-top study of a contaminated land site using historic
maps. Specific sampling strategies for solid, aqueous and air samples are consid-
ered. The natural progression in any analytical protocol would then be to carry
out the extraction technique. However, as the rest of the book details how to
perform different extractions no details are provided at this point. Post-extraction
details focus on the main chromatographic approaches for analysing organic com-
pounds, i.e. gas chromatography and high performance liquid chromatography.
Both techniques are covered from a practical perspective. Issues around sample
pre-concentration post-extraction are also discussed in terms of the most popular
approaches used. Finally, quality assurance aspects and health and safety issues
are considered.

Chapter 2 considers the classical approaches for extracting organic compounds
from aqueous samples, namely liquid-liquid extraction (LLE). Details of the
basic theory applicable to LLE are explained together with important practical
aspects, including choice of solvents, the apparatus and procedure to undertake
LLE and practical problems and remedies for undertaking LLE. Finally, the
specific extraction technique of purge and trap and its application for recovering
volatile organic compounds from aqueous samples is explained.
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Chapter 3 considers the use of solid phase extraction (or SPE) for the recovery
of organic compounds from aqueous samples. The different types of SPE media
are considered as well as the different formats in which SPE can be performed,
solvent selection and factors influencing SPE. The five main aspects of SPE
operation are reviewed both generically and then via a series of applications
using normal phase, reversed phase, ion exchange and molecularly imprinted
polymers. Finally, the use of automated and in-line SPE is considered using a
selected example.

Chapter 4 considers the use of solid phase microextraction (or SPME) for
the recovery of organic compounds from aqueous samples (although mention is
also made of its applicability for headspace sampling), followed by either GC or
HPLC. The practical aspects of using the fibres are described in detail as well as
their applicability for a range of sample types in different modes of operation.

Chapter 5 describes new developments in microextraction. Particular devel-
opments highlighted include stir-bar sorptive extraction (SBSE), liquid phase
microextraction (specifically, single drop microextraction (SDME)), membrane
microextraction (specifically, the semipermeable membrane device (SPMD),
the polar organic chemical integrative sampler (POCIS), ‘Chemcatcher’, the
ceramic dosimeter and membrane enclosed-sorptive coating (MESCO)), as well
as microextraction in a packed syringe (MEPS).

Chapter 6 considers the classical approaches for extracting organic compounds
from solid samples, namely Soxhlet extraction (LLE). Practical guidance on the
use of Soxhlet extraction is provided along with choice of solvent, and the appa-
ratus and procedure to undertake extraction. In addition, automated Soxhlet (or
‘Soxtec’) extraction is discussed alongside other approaches that utilize sonica-
tion or shake-flask extraction for the recovery of organic compounds from solid
matrices.

Chapter 7 describes the use of pressurized fluid extraction (PFE) (also known as
accelerated solvent extraction or pressurized liquid extraction) for the recovery of
organic compounds from solid matrices. The theoretical aspects of the approach
are described, as well as the range of commercial apparatus that is currently
available. Approaches for method development for PFE are described, as well as
a range of applications including approaches for parameter optimization, in situ
clean-up (also known as selective PFE) and shape selective, fractionation PFE.

Chapter 8 describes the use of microwave-assisted extraction (MAE) for the
recovery of organic compounds from solid matrices. Instrumentation for both
atmospheric and pressurized MAE are highlighted, with the latter dominating in
its applicability. A range of applications is considered, as well as some recom-
mendations on the use of MAE in analytical sciences.

Chapter 9 considers developments in matrix solid phase dispersion (MSPD)
for solid samples. The procedure for performing MSPD is highlighted, as well as
its applicability to a range of sample types. A range of factors that can influence
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MSPD is then discussed. Finally, a comparison between MSPD and solid phase
extraction is made.

Chapter 10 describes the technique of supercritical fluid extraction (SFE). After
an initial description of what is a supercritical fluid, the option of carbon dioxide
as the fluid of choice is discussed. A detailed description of the instrumentation
for SFE is outlined, together with the options for adding modifiers to the system.
Finally, a range of applications for SFE in analytical sciences is described.

Chapter 11 considers the analysis of volatile organic compounds (VOCs) in
gaseous samples. A discussion on the techniques for air sampling, including
whole air collection in containers, enrichment into solid sorbents (active and
passive sampling), desorption techniques and on-line sampling, is also included.

Chapter 12 includes a detailed discussion on the important extraction method
criteria, namely, sample mass/volume, extraction time, solvent type and consump-
tion, extraction method, sequential or simultaneous extraction, method develop-
ment time, operator skill, equipment cost, level of automation and extraction
method approval. This chapter then considers the above criteria in the context
of comparing extraction techniques for (semi-) solid samples and liquid samples.
A comparison is also made of the approaches for air samples. In addition, this
chapter also considers the role and use of certified reference materials.

The final chapter (Chapter 13) considers the resources available when con-
sidering the use of extraction techniques in analytical sciences. The role of the
Worldwide Web in accessing key sources of information (publishers, compa-
nies supplying instrumentation and consumables, institutions and databases) is
highlighted.

John R. Dean
Northumbria University, Newcastle, UK
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Chapter 1

Pre- and Post-Extraction
Considerations

Learning Objectives

To appreciate the wide ranging types of organic compounds that are inves-
tigated in environmental and food matrices.

Using an example, to be aware of pre-sampling issues associated with a
contaminated land site.

To be aware of the information required for a desk-top study (in a contam-
inated land situation).

To understand the different sampling strategies associated with solid, aque-
ous and air samples.

To be aware of the different types of contaminant distribution on a site.
To understand the practical aspects of soil and sediment sampling.

To understand the practical aspects of water sampling.

To understand the practical aspects of air sampling.

To be aware of the different analytical techniques available to analyse
organic compounds.

To understand and explain the principle of operation of a gas chromatogra-
phy system.

To understand and explain the principle of operation of a high performance
liquid chromatography system.

To be able to understand the principles of quantitative chromatographic
analysis.

Extraction Techniques in Analytical Sciences John R. Dean
© 2009 John Wiley & Sons, Ltd



2 Extraction Techniques in Analytical Sciences

e To be aware of the approaches and limitations for sample pre-concentration
in the analysis of organic compounds.

e To appreciate the importance of quality assurance in quantitative analysis.

e To understand the health and safety aspects of performing laboratory work
and the consequences for non-compliance.

1.1 Introduction

This book is concerned with the removal of organic compounds, principally
persistent organic compounds (POPs), from a range of sample matrices including
environmental matrices (soil, water and air samples), but also some other matrices
including foodstuffs. The book is designed to be an informative guide to a range
of extraction techniques that are used to remove organic compounds from various
matrices. The use of discussion questions (DQs) and self-assessment questions
(SAQs) throughout the text should allow you (the reader) to think about the main
issues and to allow you to consider alternative approaches.

1.2 Organic Compounds of Interest

The range of organic compounds of interest in the environment and in other
matrices varies enormously. They range from simple aromatic cyclic structures,
for example, benzene, toluene, ethylbenzene and xylene(s) (collectively known
as BTEX), to larger molecular weight compounds, such as polycyclic aromatic
hydrocarbons (PAHs), and more complicated structures, e.g. pesticides and poly-
chlorinated biphenyls (PCBs). A list of organic compounds that are measured in
environmental (and other) matrices is shown in Table 1.1.

SAQ 1.1

What are the important physical and chemical properties of these organic
compounds that are useful to know when extracting them from sample
matrices?

1.3 Pre-Sampling Issues

Prior to sampling it is necessary to consider a whole range of issues that are
directly/indirectly going to influence the quality of the final data that is produced
after what is often a long and costly process. Therefore it is imperative to think



