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Abstract: Magnetically responsive materials have found many important applications in analytical chemistry. In this short
review the basic information about Magnetic solid phase extraction and Magnetic textile solid phase extraction is given. These
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1. INTRODUCTION

Sensitive analytical techniques have to be used to monitor the concentration of target biologically active
compounds, organic and inorganic pollutants or radionuclides present in water, other environmental media
and biological materials. Sample preparation techniques such as preconcentration have to be often used to
concentrate the target analytes. This treatment can significantly lower the limit of detection using conventional
analytical procedures such as chromatography or spectrophotometry.

Several sample preparation procedures can be used in analytical chemistry. One of them is a well-known
liquid-liquid extraction, which is based on the analyte partitioning between water and an immiscible organic
solvent. However, currently alternative extraction methods known as solid phase extraction (SPE) are
preferentially employed. During the extraction process, an aqueous sample passes through a solid phase
(adsorbent) and afterwards is extracted by a suitable eluant (often organic solvent). In the most often applied
SPE design the adsorbent is placed in a polypropylene cartridge (Buszewski & Szultka 2012).

New forms of solid phase extraction have been developed in recent years. Very important ones are based
on the use of magnetically responsive materials. The following text will be focused on the description of
Magnetic solid phase extraction and Magnetic textile solid phase extraction.

2. MAGNETIC SOLID PHASE EXTRACTION

In order to extract target analytes from large sample volumes or difficult-to-handle samples, magnetic solid
phase extraction (MSPE) employing magnetically responsive adsorbents was developed by Safarikova and Safarik
in 1999. This approach has several advantages over traditional solid phase extraction performed in cartridges,
namely: (a) it provides a rapid and simple analyte separation that avoids the need for centrifugation or filtration
steps, (b) it avoids time-consuming and tedious on-column SPE procedures, (¢) MSPE can also be used for samples
containing suspended solids, (d) the magnetically responsive adsorbents may have high selectivity, even when
complex biological and environmental samples are analyzed, (e) minimal amount of organic solvents for elution
is necessary, (f) since the majority of sample impurities are diamagnetic, they do not interfere with magnetic
particles during the magnetic separation step, and (g) automation of the whole process is possible, which leads to
rapid, selective, sensitive, and repeatable methods for routine analyte determinations (Safarik & Safarikova 2012;
Azzouz et al. 2018). The scheme of MSPE is shown in Figure 1.

MSPE is based on the use of various magnetically responsive nano- and micromaterials, including iron oxides
magnetite (Fe;04) and maghemite (y-Fe,Os), various types of ferrites (MFe,O4) where M can be copper, nickel,
manganese, magnesium, etc., pure ferromagnetic metals (iron, cobalt and nickel), and various metal alloys (FePt,
CoPt). Both magnetite, maghemite and magnetic mixed iron oxides exhibit sufficient magnetic moment, good
stability, and low toxicity and that’s why they are predominantly used. They can be prepared using several simple
precipitation or alternative procedures. Magnetic materials can serve as supports for the immobilization of an
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appropriate affinity ligand, or as magnetic labels for conversion of originally diamagnetic materials into
magnetically modified ones.

Figure 1. Magnetic solid phase extraction (reproduced from Chen et al. 2011)

Different types of materials have been coated onto the surfaces of magnetic particles. For example, graphene
and graphene oxide, single wall and multi wall carbon nanotubes, metal-organic framework, molecularly imprinted
polymers, ionic liquids, specific polymers or low molecular weight affinity ligands have been bound to magnetic
particles and subsequently used as sorbents to extract and preconcentrate polyaromatic hydrocarbons,
chlorophenols, phthalate esters, pesticides, fluoroquinolones, organochlorine pesticides, fungicides, hormones,
monocyclic aromatic amines, bisphenol A, organophosphorus pesticides and other analytes from water solutions.
The adsorption efficiency and selectivity of magnetic particles can be tuned by surface modifications with various
composites and ligands, allowing the mechanisms for extracting trace-level analytes to match the nature of the
target molecules. This technique greatly simplifies the extraction procedure and enhances the extraction efficiency.
Magnetic adsorbents can be prepared in different shape, size and configuration. Magnetic separation is not
influenced by the change of pH, ionic strength or the presence of contaminating diamagnetic materials (Andrade-
Eiroa et al. 2016; Hemmati et al. 2018; Azzouz et al. 2018).

MSPE is now a very useful and widely used preconcentration procedure for both organic and inorganic species.
Currently, there are more than one thousand records in Web of Science and ca 1100 records in Scopus. Detailed
information about the recent applications of MSPE in various disciplines can be found in variety of review papers
(Ibarra et al. 2015; Ibrahim et al. 2015; Speltini et al. 2016; Vasconcelos & Fernande 2017; Hemmati et al. 2018).

Specific problems during MSPE can appear when the sample volume is too big and very small magnetic
particles are used. In this case, magnetic separation can take a long time and some loss of magnetic adsorbent can
be observed. Due to these facts a complementary procedure has been developed recently, which is based on the
use of magnetically responsive pieces of textile.

3. MAGNETIC TEXTILE SOLID PHASE EXTRACTION

A new type of low-cost preconcentration method, based on the use of magnetically modified textile (Magnetic
textile solid phase extraction; MTSPE) has been developed recently (Safarik et al. 2018). In this procedure, a piece
of an appropriate textile (fabric) is used as a carrier for the immobilization of a specific affinity, ion exchange or
hydrophobic ligand. In order to prepare magnetically responsive adsorbent, an iron-based standard staple was
inserted in the textile material using an office stapler (see Figure 2). Magnetically modified pieces of textile can
be moved using appropriate laboratory magnetic stirrers in a similar way as magnetic stirring bars. At the end of
the extraction process, the piece of textile can be easily and rapidly separated magnetically, as shown in Figure 3.
The whole process of magnetic textile solid phase extraction is shown in Figure 4.
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Figure 2. Magnetically responsive chitosan modified textile square and magnetically responsive chitosan
modified textile square with adsorbed indigo carmine (reproduced from Safarik et al. 2019a)
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Figure 3. Magnetic separation of magnetically responsive textile squares
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Figure 4. Magnetic solid phase extraction (reproduced from Safarik et al. 2018)

Various types of textile can be used for MTSPE. In the recent experiments, nonwoven acrylic felt was
employed. The fibres have to be usually modified by an appropriate ligand. Reactive copper phthalocyanine dye
covalently immobilized on the textile was used for the preconcentration of crystal violet and safranin O from
diluted solutions (Safarik et al. 2018). Alternatively, textile fibres were modified with a positively charged
polysaccharide chitosan (see Figure 5). Chitosan modified textile was applied for the preconcentration of food
acid dyes tartrazine, azorubine and indigo carmine (Safarik et al. 2019; Safarik et al. 2019a) or blue fountain ink
dye Acid blue 93 (Safarik & Pospiskova 2018).

Similarly to standard solid phase separation procedures, analyte bound to magnetically responsive textile is
usually eluted with a small amount of an appropriate eluant. After elution, standard analytical procedures including
chromatography and spectrophotometry are used for analyte determination (Safarik et al. 2018; Safarik &
Pospiskova 2018; Safarik et al. 2019a).

A simple method enabling analysis of dyes adsorbed on magnetically modified textile, without the need of
their elution, has been developed recently. After the dye preconcentration, photos of textile squares with the
adsorbed dye were taken using a mobile phone or a digital camera (see Figure 6). Using an appropriate software,
the square or rectangle covering maximum of homogeneously colored textile (without the staple) was cropped
from the original image for the subsequent evaluation using ImageJ. Every image was analyzed using Color
Inspector 3D plugin which is an integral part of ImageJ software. In this plugin, Median Cut option was used to
reduce original range of colors into a single one “median” color. After that the HSB color space (Cheng et al.
2001) was applied to obtain three image parameters, namely hue (H), saturation (S) and brightness (B) (see Figure
7). The values of saturation were measured, which were proportional to the dye concentration in the analyzed
samples (see Figure 8). Using this inexpensive, elution free assay it is possible to analyze dyes concentration in
various solutions.
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Figure 5. SEM image of native (left) and chitosan modified (right) acrylic fibers present
in the non-woven textile used for MTSPE (reproduced from Safarik et al. 2019)

0.000 mg/L 0.024 mg/L  0.048 mg/L

Figure 6. Examples of magnetically responsive, chitosan modified textile squares after azorubine extraction
from water solution (100 mL, concentrations of the original solutions are shown)
(reproduced from Safarik et al. 2019)
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Figure 7. Appearance of the computer screen showing ImageJ software analyzing image of a textile square
after MTSPE of azorubine. Reproduced from Safarik et al. 2019.
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Figure 8. Dependence of values of saturation (S) on the concentration of tartrazine (A ) and azorubine (' e®).
Reproduced from Safarik et al. 2019.

4. CONCLUSIONS

Magnetically responsive materials have already shown their great potential in analytical chemistry. In addition
to already well established Magnetic solid phase extraction, a complementary procedure called Magnetic textile
solid phase extraction has been developed recently. Both techniques can significantly lower the limit of detection
of target analytes using conventional analytical procedures such as chromatography or spectrophotometry. Using
MTSPE both elution and elution free assays can be performed. It has been proved that elution free assay enables
inexpensive assay requiring only a digital camera or a mobile phone and a computer, in addition to freely available
software.
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