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a b s t r a c t

Element mobility and availability in natural solid matrices can be studied with single and sequential
extraction procedures; such procedures provide reliable and useful information only if the experiments
are correctly planned and executed and the results are properly interpreted. Chemometrics can be a
valuable tool for these aims, especially taking into account the large amounts of data generated with
extraction essays and the complexity of the processes under investigation. This review deals with the
application of chemometrics in research studies involving single and sequential extractions on soils or
sediments, for several purposes: the development and optimization of the extraction conditions, the
calculation of element fractionation, the visual illustration of the experimental results, the acquisition
of different areas of information, including relationships among variables, similarities and differences
among samples, causes of the observed behaviour (e.g. source identification), risk assessment, models
and predictions of future events. In Part I of the review, following an overview on extraction procedures,
the applications of univariate and bivariate chemometric methods are reported; then the principles of
multivariate techniques for pattern recognition based on variable reduction, their applications and the
main findings obtained are addressed.
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1. Introduction

Single and sequential extraction procedures are widely used for
the investigation of solid matrices, such as soil, sediment, sludge,
fly ash and atmospheric particulate matter [1–4]. They provide
information on the mobility and availability of metals and other
elements, meanwhile identifying their potential negative impact
through their release into other environmental compartments and
entry into the food chain.

Mobility and availability depend on the reactivity and on the
binding behaviour of elements with the components of the matrix,
and cannot be assessed only from the values of the total concen-
trations. Single extractions may be used for estimating the most
potentially mobile element fraction and/or, in the case of soils, the
proportion amenable for plant uptake. A single extracting reagent
(normally a ligand, diluted acid or salt) is used to treat the sample
and measurement is made on the amount of elements released from
the matrix of interest [2,3]. A more detailed overview on the prop-
erties and behaviour of the elements under investigation may be
achieved through the utilization of sequential extractions. Reagents
with different chemical properties are applied, usually in order of
increasing strength, so that elements are leached according to dif-
ferent mechanisms, e.g. acidification or complexation. This results
in a process that is more time consuming than single extractions,
but one that provides the partitioning of the total element contents
into fractions of different availability [1–4].

Extraction assays allow us to obtain reliable and useful infor-
mation only if the experiments are correctly planned and executed
and if the results are properly interpreted. Extraction treatments
give rise to large amounts of data, especially when coupled to
rapid multielement analytical techniques, and many research stud-
ies also report the main properties of the considered matrices (such
as pH, content of organic matter, soil texture) which are impor-
tant in order to understand their behaviour. The combination of
the complexity of the matrices and phenomena under study with
the generation of large data sets renders interpretation difficult.
Chemometric techniques can be a valuable tool in connection with
single and sequential extraction procedures for several purposes:
the development and optimization of the extraction conditions;
the calculation of element fractionation; the visual illustration
of the experimental results; the acquisition of different areas of
information, including relationships among variables, similarities
and differences among samples, causes of the observed behaviour
(e.g. source identification), models, risk assessment and predictions
of future events [5–7]. Chemometrics is deemed to be particu-
larly advantageous when dealing with complex systems, such as
soils and sediments, due to the possibility of using multivariate
techniques, which take into account the behaviour of multiple vari-

ables simultaneously; nevertheless, it should be emphasized that
also univariate and bivariate chemometric methods are important,
since they remain indispensable for a correct and complete data
processing and interpretation, even when sophisticated multivari-
ate techniques are subsequent applied.

This review describes the application of chemometric tech-
niques in research studies involving single and sequential
extraction treatments on soils or sediments. Following an overview
on extraction procedures, in which both advantages and dis-
advantages are ascertained, the applications of univariate and
bivariate chemometric methods are reported; then the princi-
ples of the multivariate chemometric techniques most frequently
adopted, the aims of the research studies in which they were
used and the main findings obtained with their application will
be addressed. In particular, Part I of the review will be focused on
variable reduction methods for pattern recognition, one of which,
namely principal component analysis (PCA), is the multivariate
technique most extensively used in conjunction with extraction
assays.

To our knowledge, two reviews on element extraction from soils
and sediments to date have included a chapter devoted to the appli-
cation of chemometrics to the experimental results [1,2], but no
extensive treatment of this subject currently exists. We are confi-
dent that the present work will be of use to researchers interested
in adopting the powerful tools of chemometrics in order to exploit
the potentialities of single and sequential extractions of elements
from solid matrices.

2. Overview on single and sequential extraction procedures

2.1. Single extractions

The main extracting reagents used in single extraction proce-
dures can be classified, according to their chemical properties, as:

- ligands, mainly diethylene triamine pentaacetic acid (DTPA) and
ethylene diamine tetraacetic acid (EDTA); despite concerns of
being over-aggressive for this purpose (see next paragraph),
they are employed for the purpose of estimating plant-available
fraction of elements [9–11]. The Standards, Measurements and
Testing (SMT) Program (formerly BCR) developed and validated
a single extraction protocol (0.05 M ammonium EDTA, 1 h, room
temperature) [12];

- unbuffered salts, called ‘soft’ or ‘mild’ extractants, such as
CH3COONH4, CaCl2, NaNO3 and BaCl2. A SMT protocol exists
(0.01 M CaCl2, 3 h) [4]. They are regarded as more suitable than
more aggressive extractants, such as chelating agents and acids,
to predict the plant-available fraction of elements: therefore the
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