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Abstract: In this work, a sorbent was prepared from wastepaper samples enriched with iron oxide
particles and graphene oxide and used in the solid phase extraction of antibiotics. The precursor
underwent a carbothermal reduction to promote the formation of paramagnetic phases useful for
the recovery of the sorbent during the analysis, and to disperse and fix graphene and the iron oxide
in a durable way throughout the cellulose structure. Characterizations were carried out to evaluate
the composition (Raman, XRD and EDX) and the morphological structure (SEM) of the material. A
UHPLC-PDA method was developed for the simultaneous determination of antibiotics from different
drug families (carbapenems, fluoroquinolones, β-lactams) using a 120 SB-C 18 poroshell column
(50 × 2.1 mm I.D., 2.7 um particle size) and a mobile phase consisting of 10 mM acetate buffer at pH 5
(Line A) and acetonitrile (Line B) both containing 0.1% of triethylamine. A gradient elution was used
for the separation of the analytes, while for the quantitative analysis each analyte was determined at
its maximum wavelength. Several experiments were carried out to evaluate the influence of different
parameters involving the dispersive magnetic solid phase extraction of these analytes. Samples were
extracted using 25 mg of sorbent at pH 5 and desorbed in 5 min using methanol. We report herein on
some of the outstanding advantages of using carbon-based sorbent, such as lower toxicity, scalability,
improved absorption capacity, target selectivity and stability in acidic medium. Moreover, from
the results obtained it is evident that, despite the use of some recycled materials, the performances
obtained were comparable or even superior to the methods reported in the literature.

Keywords: dispersive magnetic solid phase extraction; antibiotics; UHPLC-PDA; method development;
nanocomposites; recycling; wastepaper

1. Introduction

Nowadays, the amount of waste produced is constantly increasing and finding a sec-
ond life for those potentially valuable substances that are destined for landfills is becoming
a challenge, for the good of society and the environment, especially with approaches as
environmentally friendly as possible. In this area, the paper industry and its entire supply
chain annually produces a quantity of cellulose-based waste, originating from wood pulp
and cotton, which cannot be recycled due to the structural changes of the same material in
the various recovery cycles [1–3].

Cellulose was, remarkably, considered the most abundant organic compound derived
primarily from biomass and, from an industrial commercialization standpoint, the most
common biopolymer that has been used for centuries. For this reason, it can be considered
a cheap and easily available material [4].

Cellulose possesses a complex reticular structure, and it is because of this that cellulose-
based materials extracted from waste potentially have excellent chemical–physical proper-
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ties such as high porosity, high specific surface area, excellent stability, and the possibility of
establishing different bonds thanks to the presence of hydroxyl and carboxyl groups [5,6].

Carbon is the most used material among the absorbents. According to the protocol
of synthesis, a variety of carbons are available with different particle shapes and dimen-
sions. In general, they are made very easily by low-cost methods, resulting in renewable
samples [7,8]. Cellulose-based materials, processed through calcination in different envi-
ronmental conditions, can become both excellent carbon adsorbents and useful supports
capable of trapping other materials, fixing them in its three-dimensional structure in a
physical way and obtaining various composites [9,10].

Since its discovery, graphene (G) has gained the interest of the entire scientific commu-
nity due to its possible applications in the production of new materials with clearly superior
performance. In the field of analytical chemistry, it has found significant applications as a
sorbent to be used in solid phase extraction, since G has a huge surface area and can make
π- π interactions due to electron delocalization [11]. These properties give graphene a great
affinity for carbon-based aromatic cyclic compounds. Reduced graphene (rG) is universally
recognized as a non-polar and hydrophobic sorbent that can be applied in the extraction of
apolar analytes. On the other hand, graphene oxide (GO), thanks to the presence of several
hydroxyl and carboxyl groups, is considered a polar and hydrophilic sorbent to be used
in the extraction of polar analytes [12,13]. An important issue to take into consideration
when G is used as a sorbent packed in SPE cartridges is the high back pressure and the
clogging of the packed bed, which inevitably leads to the aggregation of the G sheets. To
overcome these problems, graphene-based magnetic materials have been developed for
use in dispersive magnetic solid-phase extraction (d-MSPE). Over the last few years, more
and more articles have been published using dMSPE as a sample preparation technique
using graphene-based magnetic nanocomposite materials [14,15].

In general, G, GO and rG can be considered excellent adsorbents as they are very light,
cheap, and have large surfaces and reduced analysis times. On the other hand, they often
fail to be selective towards some individual analytes and can be considered toxic for the
environment, as there is currently no system that allows for their recovery and disposal at
the end of their lifecycle [16–18].

Typically, in a dMSPE there are more steps, the first being an extraction, where the
sorbent material is placed in contact with the matrix containing the analytes and dispersed
using mechanical agitation or ultrasound, followed by a separation step where the sorbent is
removed from the matrix using an external magnetic field and the supernatant is discarded.
After the loading there is the desorption step, in which the adsorbent material is put in
contact with a suitable solvent and stirred, then the sorbent is recovered using an external
magnetic field and the supernatant can be analyzed as it is or evaporated, under a gentle
nitrogen steam, and after having been reconstituted it is analyzed [19].

Compared to dispersive solid-phase extraction (dSPE), dMSPE has several advan-
tages including the exceptional separating capacity of the materials used, which allows
the recovery of the sorbent by applying an external magnetic field, so avoiding further
centrifugation steps and leading to a shorter time analysis [20].

Iron oxide, therefore, acts both as an adsorbent and, more importantly, as a para-
magnetic material, useful for isolating the adsorbed sample and then releasing it when
subjected to suitable conditions.

Several studies have been conducted on the adsorption of pharmacologically active
ingredients by materials containing GO, rG and iron oxide. In particular, analyses were
carried out for the capture of some of the more abundant environmental pollutants, such
as tetracyclines, the main antibiotics used in animal husbandry, and fluoroquinolones,
obtaining good results with regard to their adsorption [21–23].

In this work, we developed a simple preparation method of an efficient sorbent to
be used in dMSPE for the UHPLC-PDA analysis of antibiotics in human plasma. The
adsorbent material was obtained to further advance the operative approach introduced in
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a previous work, from iron oxide, paper waste, and a simple carbothermal reaction [24],
adding GO to enhance the final properties of the samples.

Wastepaper has been used as a carbon source in the carbothermal reaction, which
is required to reduce graphene and form Fe3O4 in situ, but also to more evenly absorb
and distribute and homogenously trap both iron oxide and GO. To evaluate the effect of
the graphene oxide proportions used in the various prepared materials, the sorbents were
characterized by thermogravimetric analysis, SEM-EDX, XRD and Raman spectroscopy.

Finally, to test the efficacy of this Fe3O4-rG-activated carbon material, a dMSPE-
UHPLC-PDA method was developed for the analysis of antibiotics with different chemical–
physical characteristics to evaluate their performance.

2. Materials and Methods
2.1. Chemical and Reagents

Metronidazole (CAS: 443-48-1), meropenem (CAS: 96036-03-02), levofloxacin (CAS: 100986-
85-4), cefoperazone (CAS: 62893-20-3) and piperacillin (CAS: 61477-96-1), used as inter-
nal standard, were obtained from Santa Cruz Biotechnology (Dallas, TX, USA). Ferric
chloride, ammonium acetate, sodium dihydrogen phosphate and sodium hydrogen phos-
phate, methanol and acetonitrile were purchased from Carlo Erba Reagenti (Milan, Italy).
Graphene oxide aqueous solution was purchased from Graphenea (Donostia San Sebastian,
Spain). Double-distilled water was obtained from Millipore MilliQ Plus water treatment
system (Millipore Bedford Corp., Bedford, MA, USA). Stock solutions were obtained by
weighing exactly 25 mg of each standard and solubilizing them in a 25 mL volumetric flask
with a mixture of water and methanol (75/25 v/v). Working solutions were obtained by
dilution of the stock solutions using Milli-Q water. All chemicals were of analytical grade
and used as received.

2.2. Preparation of “Fe3O4-rG-Activated Carbon” Sorbent

Fe3O4 particles were formed in situ during calcination from Fe2O3 particles. Briefly, to
obtain the Fe2O3 particles, 10 mL of 6 M sodium hydroxide solution were added dropwise
to 10 mL of a 2 M ferric chloride solution under vigorous stirring at 70◦C until the color
changed from yellow to brick red, indicating the formation of Fe (OH)3. The solution
obtained was placed in the oven for 3 days at 100 ◦C, and the final product (Fe2O3) was
washed several times to ensure the elimination of excess sodium. The wastepaper was
cut into small pieces, washed with water and methanol, and finally put in an oven at
90 ◦C for 24 h. Next, 2.5 g of Fe2O3, 10 g of wastepaper previously washed and dried, and
375 mg of GO were dispersed in 200 mL of distilled water and stirred for 12 h at 50 ◦C to
form a colloidal stock solution. The precipitate was washed with water and methanol and
dried at 80 ◦C. Several samples were prepared using the same procedure, but changing
the amount of GO (125, 250, 375 mg, respectively). Finally, the sorbent was obtained by
calcination at 800 ◦C for 1 h using a ramp of 5 ◦C per minute under a nitrogen atmosphere.
The obtained raw powder was ground using a ball miller, equipped with zirconia jars
and spheres, for one hour and twenty minutes, taking breaks every 10 min in order not to
overheat the samples.

2.3. Characterization

To confirm the title of the GO used, a proper amount of aqueous solution of GO was
added to Ultrapure MilliQ water (electric resistance > 18.2 MΩ/cm) from a Millipore Corp.
model Direct-Q 3 system, and bath ultrasonicated for 10 min (37 kHz, 180 W; Elmasonic
P60H; Elma). The GO suspension was further diluted with water to 30 µg/mL and the
concentration was checked spectrophotometrically by using a Varian Cary 100 BIO UV-Vis
spectrophotometer. The UV–Vis absorption spectrum was recorded in the wavelength
range of 200–800 nm after background subtraction.
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Material morphology and EDX elemental analysis were performed via SEM images us-
ing the Phenom XL Desktop apparatus, in backscatter mode at 2500× optical magnification
set at 15 KV accelerating voltage, using Phenom ProSuite software.

A TA SDT650 with TRIOS data software was used for the thermogravimetric analyses.
Each sample was heated in an atmosphere environment with a flow of 20 mL/min, with a
rate of 5 ◦C/min to 900 ◦C and with a final isotherm of 15 min.

The Raman spectroscopy analyses were collected using a Horiba XploRA™ PLUS
Raman microscope (HORIBA ITALIA Srl, Roma, Italy) with a 50×_VIS objective and
532 nm edge laser, using Labspec6 spectroscopy suite software.

X-ray powder diffraction (XRPD) data were collected by a Bruker D2 Phaser benchtop
diffractometer (Bruker Italy Srl, Milano, Italy) with a Cukα radiation source and a PSD
detector. The patterns were collected in the air with a step size of 0.02◦ and a counting time
of 0.5 s per step in the angular range of 5–70◦, using a PMMA sample holder.

2.4. Dispersive Solid Phase Extraction Procedure

The blank plasma samples were purchased from Sigma Aldrich Ltd. (Milano, Italia). At
the same time, real blood samples were taken from patients at the “SS. Annunziata” hospital
in Chieti (Italy) as routine TDM without requiring extra visits from clinicians. Plasma
(1 mL) was obtained starting from whole blood, containing EDTA as an anticoagulant, by
centrifugation at 1800 g for 10 min at 4 ◦C. A total of 1 mL of trichloroacetic acid was added
to 1 mL of plasma and centrifuged at 6000 g, the supernatant obtained was diluted to 5 mL
with acetate buffer at pH 5, and subsequently subjected to dMSPE. A total of 25 mg of
Fe3O4-AC-rG (375 mg) was added, and the solution was stirred for 5 min. Subsequently,
using an external magnetic field through a neodymium magnet, the sorbent was recovered
and the solution discharged. The analytes were desorbed from the Fe3O4-AC-rG (375 mg)
using 1 mL of acetonitrile, and by means of a neodymium magnet the sorbent material
was removed from the solution. The obtained solution was evaporated to dryness under
a gentle steam of nitrogen, reconstituted with 50 µL of a solution of acetate buffer and
acetonitrile (75:25 v/v), and 8 µL was injected.

2.5. Chromatographic Conditions

The analyses were carried out by using an ultrahigh-performance liquid chromatog-
raphy system (ACQUITY H-Class, Waters S.p.A., Milano, Italy). The instrument was
equipped with a column heater, a degassing unit coupled with a quaternary pump (AC-
QUITY), a UPLC sample manager (ACQUITY), and a Waters 2996 photodiode array detec-
tor. The analytes were separated using a 120 SB-C 18 poroshell column (50 × 2.1 mm I.D.,
2.7 um particle size). The mobile phases used were 10 mM acetate buffer at pH 5 (Line A)
and acetonitrile (Line B) both containing 0.1% of triethylamine, using a gradient elution.
The initial composition of the mobile phase was 98% A and 2% B, in 3.5 min the percentage
of B increased up to 25%, then in 4.5 min the percentage of B increased up to 90% and
then returned in 0.1 min to the initial composition followed by 2 min of reconditioning to
the initial conditions. The total run time was 10 min. Each analyte was determined at its
maximum wavelength.

3. Results and Discussions
3.1. Characterization of the Sorbent

The preparation of the carbonaceous material based on GO and Fe3O4 has been the
subject of various studies. Each sought to create a mixture capable of exploiting the
performance of GO together with the magnetic properties of iron oxide achieved through
different operational strategies. Figure 1 schematically presents the operational phases
involved in the work.
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Figure 1. Schematic representation of the work steps.

A solution containing GO was characterized to confirm its concentration and then
added to colloidal solutions of wastepaper and Fe2O3 [25]. As reported in Figure 2, the
UV–Vis spectra of diluted GO suspension showed a characteristic absorption peak at
230 nm, which can be attributed to the π-π* transitions for aromatic C-C bonds and a
shoulder at 290–300 nm being the fingerprint of n-π* transitions of carbonyl groups. The
UV absorbance was read at λmax of 230 nm and the concentration of the GO dispersed in
water was obtained from a validated concentration–absorbance calibration plot.
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The porous and absorbent structure of the cellulose made it possible to absorb the iron
oxide and the GO dispersed together, leaving only the aqueous part of the solutions on the
outside, which was then removed from the sample by simple heating on a heated plate.
Once the physical entrapment occurred, the impregnated waste papers were subjected to
calcination in a nitrogen flow to favor the synthesis of Fe3O4 (vs. Fe2O3), using the carbon
present in the paper as a reducing agent.

The calcination parameters were optimized by carrying out a thermal analysis of the
degradation, as shown in Figure 3. The thermal protocol included an initial isotherm at
50 ◦C for about 10 min, followed by a ramp of 5 ◦C/min until the final temperature of
900 ◦C. All samples showed the same behavior during the increase in temperature.

Separations 2023, 10, x FOR PEER REVIEW 7 of 20 
 

 

 

 

Figure 3. TG and DTA curves in N2 atmosphere. 

Three stages were distinguishable during the degradation kinetics: the first at about 

200/250 °C, characterized by the initial recombination/depolymerization reactions, the 

second, very fast, up to 350 °C and related to the initial pyrolysis with the formation of 

CO2 and CO, and the final stage up to 600 °C, relatively speaking slower than the previous 

one, and where the carbothermic reaction went to completion with the formation of the 

activated sample. In this latter phase, the iron oxide with paramagnetic properties was 

formed. 

The SEM images (Figure 4) revealed that all samples are heterogeneous in size and 

formed by fragments of different dimensions. Through the energy dispersion X-ray map-

ping analysis (Figure 5), it was possible to observe a homogeneous distribution of the var-

ious constituents. 

  

Exo Up

Figure 3. TG and DTA curves in N2 atmosphere.

Three stages were distinguishable during the degradation kinetics: the first at about
200/250 ◦C, characterized by the initial recombination/depolymerization reactions, the
second, very fast, up to 350 ◦C and related to the initial pyrolysis with the formation of CO2
and CO, and the final stage up to 600 ◦C, relatively speaking slower than the previous one,
and where the carbothermic reaction went to completion with the formation of the activated
sample. In this latter phase, the iron oxide with paramagnetic properties was formed.

The SEM images (Figure 4) revealed that all samples are heterogeneous in size and
formed by fragments of different dimensions. Through the energy dispersion X-ray map-
ping analysis (Figure 5), it was possible to observe a homogeneous distribution of the
various constituents.
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Figure 4. SEM images after grinding in bead milling. (A) represents the sample made with the least amount
of GO, (B) represents the intermediate one and (C) represents the one with the highest concentration.
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Figure 5. EDX images of prepared sorbent samples from low (A) to high (C) GO content ((A) rep-
resents the sample made with the least amount of GO, (B) represents the intermediate one and
(C) represents the one with the highest concentration).

The phases in the samples were identified by X-ray diffraction. The patterns (Figure 6)
present diffraction peaks that match very well with the reported data of magnetite (JCPDS
No. 19-0629), showing that the method developed herein is convenient for obtaining the
target phase. The high background in the region located around the 20–25◦ 2θ angle, due
to diffuse scattering, could indicate the presence of amorphous phases such as carbon.
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The graphitization of carbon was observed using Raman spectroscopy (Figure 7),
through the study of the two characteristic peaks defined D (carbon sp3) and G (carbon sp2)
detected at about 1330 and 1590 cm−1, respectively. The materials with a smaller amount
of GO resulted in less intense D bands, and this difference was observable in the different
intensities of the respective peaks, which grow proportionally with the increasing the
quantity of GO. Both the G-band and D-band suggested that the samples have an overall
composition largely consisting of amorphous carbon, probably due to the low calcination
temperature. In fact, it is usually reported that ordered structures more similar to graphene
can be obtained if the pyrolysis is performed above 800 ◦C [26–28].
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Figure 7. Raman spectra of the prepared Fe3O4-rG-activated carbon sorbents. Color code A: Fe3O4-
rG-activated carbon (375 mg), B: Fe3O4-rG-activated carbon (250 mg), C: Fe3O4-rG-activated carbon
(125 mg).

3.2. Evaluation of the d-MSPE Conditions

To evaluate the GO effects on the parameters that greatly influence the d-MSPE, several
experiments were carried out to evaluate the amount of sorbent material necessary for the
adsorption of all the analytes, the time required for their adsorption, the pH of the sample
to be extracted, and finally the time necessary for the desorption of the analytes. For these
experiments, standard solutions at a concentration of 1 µg/mL were used. From the results
shown in Figure 8, it is evident that, as the amount of graphene increases, the recovery
of the analytes (the adsorption capacity) also increases. Consequently, the Fe3O4-rG-AC
(375 mg) was chosen as the sorbent for further experiments.

Then, the time necessary for the adsorption of the analytes was estimated. A total
of 5 min was enough to guarantee the adsorption of the analytes, and increasing the
adsorption time beyond 5 min did not bring any improvement. As further confirmation
of the successful adsorption, the supernatant remaining after the adsorption step was not
discarded but analyzed to confirm the absence of analytes. The results are reported in
Figure 9.

Although the main interactions of the prepared sorbent are hydrophobic, it should
not be underestimated that graphene has a point of zero charge (PZC) at a pH between
6 and 7 which makes it capable of electrostatic interactions. For this reason, different pH
values between 3 and 9 were investigated using recovery as a response. As can be seen in
Figure 10, the best results were obtained at pH 5. In fact, at pH 5 the analytes are found in
the neutral form and few in the protonated form; consequently, the analytes are adsorbed
through hydrophobic and π-π interactions, although there is also a small contribution of
electrostatic interactions as demonstrated by various publications [29–31].
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The time required for desorption was finally evaluated and, as shown in Figure 11,
a plateau is reached after 5 min; a shorter desorption time would be insufficient for the
analytes to desorb from the surface of the sorbent, causing a decrease in the recovery of the
analytes, while a desorption for more than 5 min would bring no improvement.
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3.3. Method Validation

Before being applied to the analysis of real samples, the method was validated in
accordance with the guidelines of the European Medicines Agency (EMA) [32]. The first
parameter that was evaluated was the selectivity, i.e., the ability of the method to distinguish
among different analytes or interferents present in the matrix. Six lots of blank plasma from
different sources were used, extracted, and analyzed to evaluate the selectivity. No signal
was found at the retention time of the analytes or the internal standard. Chromatograms
are reported in Figure 12.
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Figure 12. Chromatograms obtained from the analysis of a blank sample extracted (A), blank samples
spiked with the internal standard extracted (B) and blank plasma spiked with the analytes and the I.S.
extracted (C), (a) metronidazole, (b) meropenem, (c) levofloxacin and (d) cefoperazone.

Limits of detection (LOD) and quantification (LOQ) were evaluated as signal-to-noise
ratios. The limits of detection and quantification were 0.0002 µg/mL and 0.001 µg/mL for
all the antibiotics, respectively. Accuracy and precision were assessed by the analysis of the
lower limit of quantification (LOQ) and the quality control samples (QCs). Five samples
per level at a minimum of four concentration levels are covering the calibration curve range:
the LOQ, within three times the LOQ (low QC), at around 30–50% of the calibration curve
range (medium QC), and at least at 75% of the upper calibration curve range (high QC)
were used to evaluate precision and accuracy in the same day (intra-day precision and
accuracy) and for five consecutive days (inter-day precision and accuracy). The results
reported in Table 1 show that the precision (RSD%) and accuracy (BIAS%) values fall within
those set by the guidelines. Linearity was evaluated by constructing a calibration curve
for each analyte in the range of 10–0.001 µg/mL. Calibration curves were constructed
using a least square linear regression for which the concentration was the independent
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variable and the ratio of the area of the analyte to that of the internal standard was the
dependent variable (response). The statistical analysis of the concentration–response ratios
proved in all cases that linear correlation was the best model in the concentration range
studied, with a mean correlation coefficient (r2) > 0.9993. Carry-over was evaluated by
analyzing an extracted blank after a sample extracted at a concentration equal to the upper
concentration limit. No signal was found at the retention times of the analytes and of
the internal standard, and this result suggests that no carry-over effect is present within
the investigated concentration range. The dilution integrity was evaluated by preparing
samples at concentrations higher than the upper limit of quantification, and subsequently
diluting the sample with blank matrix to bring the final concentration into the calibration
range and carrying out no fewer than five determinations per dilution factor.

Table 1. Intra-day and inter-day values of the proposed method.

Analyte Amount Added
(µg mL–1)

Intra-Day Inter-Day

Accuracy
(BIAS%)

Precision
(RSD%)

Accuracy
(BIAS%)

Precision
(RSD%)

Metronidazole

0.0010 3.13 2.81 1.79 5.27
0.0025 −4.01 4.27 −4.63 6.98

0.50 3.12 3.88 3.88 6.53
10.0 5.03 5.05 6.16 7.90

Meropenem

0.0010 −2.76 3.50 −3.14 6.08
0.0025 0.43 2.23 0.67 4.60

0.50 0.76 2.43 1.06 4.84
10.0 −1.54 2.75 −1.68 5.21

Levofloxacin

0.0010 2.74 3.65 3.43 6.26
0.0025 0.89 2.51 1.22 4.93

0.50 −0.40 2.05 −0.32 4.39
10.0 −0.18 1.92 −0.06 4.24

Cefoperazone

0.0010 2.42 3.45 3.04 6.03
0.0025 −3.12 3.72 −3.57 6.34

0.50 −4.86 4.79 −5.65 7.59
10.0 −0.82 2.31 −0.82 4.69

3.4. Comparison with Existing Methods in the Literature

Given the amount of antibiotics that are present and used, it is difficult to find methods
in the literature that show results on the same analytes as ours. However, it is possible to
make at least a partial comparison with methods that employed some of these analytes,
excluding those methods which are specific for a single analyte. The comparison is shown
in Table 2, and the parameters that have been taken into consideration are the instrumental
configuration, the sample preparation technique, the sensitivity expressed as the limit of
quantification (LOQ), the run time and the analytes determined.

Table 2. Comparison with methods present in the literature for the quantification of antibiotics in
human plasma.

Analytes Sample
Preparation Instrumentation Run Time

(min)
LOQ

(µg/mL) Ref

MET, MER, P.P.1 HPLC-MS/MS 5 0.01 [32]
MER, LEV MEPS 2 UHPLC-PDA 5 0.01 [33]
MER, LEV P.P. HPLC-PDA 20 1 [34]
MER, CEF P.P. UHPLC-PDA 5 0.3–0.6 [35]
MER-CEF P.P. HPLC-MS 5 0.05 [36]

MET, MER,
LEV, CEF d-MSPE UHPLC-PDA 10 0.001 This

method
1 Protein precipitation; 2 Micro extraction with packed sorbent.
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4. Conclusions

An Fe3O4-rG-Activated carbon-based sorbent was successfully obtained by carboth-
ermal reaction, achieving in situ reduction of graphene and the formation of activated
carbon and magnetic particles. The obtained material was used as a sorbent in magnetic
dispersive solid phase extraction, obtaining a rapid adsorption of the analytes which, once
eluted, were analyzed by UHPLC-PDA. In this work, some of the outstanding advantages
of using a carbon-based sorbent are reported, among which it is worth mentioning lower
toxicity, scalability, improved absorption capacity, target selectivity and stability in an
acidic medium. It is important to underline that it was possible to obtain comparable or
even superior results by using abundant and cheap waste raw materials which were made
even more high-performing by combining waste with a little amount of graphene. The
use of the cellulose support has made it possible to trap graphene and iron oxide in a
homogeneous and lasting way, guaranteeing better efficiency of the system over time. This
kind of approach can be applied not only to the analysis of antibiotics, but more generally
to the adsorption of pollutants using sorbents that have reached the end of their cycle and
which could no longer be recycled.
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