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Microextraction technologies emerged as an attractive and eco-efficient alternative in sample preparation
with the advent of solid-phase microextraction (SPME)." The sensitivity and precision of methodologies
based on microextraction are improving due to the ease of preconcentration and automation capacity that
they provide, respectively. Furthermore, the miniaturization and eco-efficiency have improved considerably
by using less space and avoiding the use of toxic reagents and high volumes of organic solvents.

From the 1990s until the present, SPME has continued to evolve, becoming commercially available for
many chromatographic applications. Also in this period, stir bar sorptive extraction (SBSE) has become
another commercially available alternative,? with the extraction device offering a greater volume of sorbent
phase compared to SPME. Simultaneously, other novel microextraction techniques have emerged that
complement some of the drawbacks of SBSE.> Among these microextraction techniques, rotating-disk
sorptive extraction (RDSE) was proposed by our research group in 2009 and has been recently reviewed,
considering all its advances and applications.*®

The heart of all microextraction technologies is the nature of the sorbent phase. In the context of solid
sorbents, they can be classified as synthetic or natural materials according to their origin (Figure 1). Typical
examples of synthetic sorbents range from the most hydrophobic octadecyl (C18) to the ion exchange
phases, most of them being commercially available. Sorbents of intermediate polarity (hydrophilic—lipophilic
balance) and hydrophilic-like silica-based sorbents are also commercially available. In the specific case
of emerging contaminants, the copolymer of divinylbenzene and N-vinylpyrrolidone (Oasis™ HLB) has
largely been used, considering that its hydrophilic—lipophilic balance allows various sorption interactions
with emerging contaminants. Among them, hydrophobic interactions occur through n-stacking and polar
interactions occur via hydrogen bonding. The hydrophilic-lipophilic balance typical of Oasis™ HLB has
encouraged its use in RDSE as a sorbent in multiresidue analysis.®”

Although sorbents based on these commercial polymers are being used in different microextraction
techniques, some trends are currently being claimed in the design of solid sorbents by considering new
synthetic materials. In this context, micro- and nanomaterials have been tested, such as carbon nanotubes,
graphene and fullerenes.® Interactions via delocalized n-electrons are especially important for molecules
containing aromatic rings, as in the case of emerging contaminants. Other nonconventional materials®
that are being actively studied as synthetic sorbents are porous solids such as metal organic frameworks,
covalent organic frameworks and layered double hydroxides.

Together with these sorbent developments, the innovation in materials of natural origin, which can be
recycled, is another parallel trend in analytical chemistry and is the central idea to be addressed in the
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current research of our team. As mentioned previously, a current challenge in analytical chemistry is to
emphasize the use of eco-efficient or green analytical processes, positioning this characteristic at the
same level as the sensitivity and selectivity of the measurement. Microextraction technology is green
per se, given the minimization of the consumption of organic solvents in the sample preparation stage.
However, an even higher level of analytical eco-efficiency (or greenness) is achieved when the sorbent
phase used is of natural origin; in this way, the use of natural materials is in line with the change of the
paradigm of typical production models (take—make—dispose) towards a circular model of waste reuse.

Sorbents of natural origin can be classified according to their chemical composition as inorganic and
organic sorbents. Clay is an example of an inorganic sorbent that plays an important role in the retention/
mobility behavior of chemicals in the soil. Consequently, materials based on clay have been proposed as
sorbents in different microextraction devices.' Clays can also be modified to decrease their polarity for use
in the sorption of hydrophobic analytes.''2

Natural organic sorbents, also called biopolymeric sorbents, can be classified by their origin as natural
polymers of plant origin (polysaccharides, proteins, polyesters), animal origin (polysaccharides, proteins,
resins) and microbial origin (polysaccharides, polyesters, polyamides, polyanhydrides).” All these
materials prepared from natural biopolymers have been studied and proposed primarily in water treatment
technologies; however, they could also be considered in the field of analytical chemistry as microextraction/
extraction sorbents. The main novelty of this idea is that it is only recently, and in only a few cases, that
these sorbents been used in microextraction technology, with wide future perspectives being expected.'®'3

These natural materials can also be modified through known reactions of functionalization (selective
oxidation, esterification, crosslinking, copolymerization, etc.). Such modifications reinforce the potential
of the functional group and the number of active sites of the sorption material.’* In addition, modification
of the natural materials can be achieved by pyrolysis to produce biochar. During the pyrolysis process,
the components are thermally decomposed at different temperatures and times, expanding their porosity.
Besides to increase the degree of aromatic condensation and aromaticity, typical functionalities present
on the biochar surface include hydroxyl, carboxylic, lactone, amine and amide moieties, which are the key
to its sorptive properties' and the retention of pollutants of different natures. Similarly, from these natural
materials, activated carbon can be generated at a significantly lower cost than from the same commercial
substrate. To prepare activated carbon from these natural materials, two basic steps are required: pyrolysis
of the raw material; and activation. Pyrolysis in the temperature range of 300—900 °C produces biochar
with the required porosity associated with high carbon content. The activation step then provides a material
with a higher surface area, generating additional porosity, and allows adjustment of the chemical surface
to produce unique characteristics.'®

During recent years, our research group has been contributing to this research field by designing new
natural sorbent phases to be applied in the microextraction of emerging contaminants from wastewater
and river water. Some examples of natural sorbent phases implemented in our laboratory are peanut
shells,' cork,'® avocado seed'® and chitosan.?® In various instances, these materials or their derivatives
have shown comparative sorption behavior with commercial sorbents such as Oasis™ HLB. By using these
natural sorbents, emerging contaminants have been quantified in wastewater and river water samples
from the metropolitan region of Chile.
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Figure 1. Classification of solid sorbents used in microextraction techniques, along with some
typical features and examples.
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