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One of the main goals of green chemistry is to reduce the use of toxic materials and the generation of

hazardous waste, both during method development and in the synthesis of the materials used. Thus,

a biodegradable, single and reusable material composed of agarose and multi-walled carbon nanotubes

was proposed. The film preparation was carefully optimized in order to obtain a one-piece sorbent, with

high extraction efficiency and the possibility of reuse. The film was tested in the simultaneous extraction

and preconcentration of three non-steroidal anti-inflammatory drugs (ketorolac, ketoprofen and
piroxicam) from environmental water samples. The optimal extraction parameters were as follows:

isopropyl alcohol as the activation solvent, a sample pH value of 3.0, extraction time of 30 min, 2.00 mL

of acetonitrile as the eluent, an elution time of 5 minutes, and a sample volume of 250.00 mL. Under

these conditions, the film was reusable 50 times without losing its extraction capacity significantly. HPLC
with a photodiode array detector was used for the separation and determination. The method presented

Received 9th January 2023
Accepted 10th March 2023

a linear range between 0.10 and 1.2 ug L%, good sensitivity with limits of detection between 0.0075 and

0.0089 pg L™ and quantification between 0.025 and 0.030 pg L™ In addition, low RSD values (0.46—

DOI: 10.1039/d3ra00166k

rsc.li/rsc-advances

1. Introduction

Solid-phase extraction (SPE) is probably the most frequently
adopted technique used for the extraction and preconcentra-
tion of pollutants in environmental samples. In comparison
with the conventional liquid-liquid extraction (LLE) technique,
it is simpler and consumes lower amounts of organic solvents."
In addition, a wide variety of sorbents of different selectivity
allows its application for the extraction of several organic
compounds.” Sorbent materials have an important function in
obtaining high extraction yields and high enrichment factors of
analytes.® In recent years, the development of new and better
materials with higher extraction capacity and improved
mechanical or physicochemical stability, compared to tradi-
tional sorbents, has drawn attention.* On the other hand, there
is a significant tendency to improve the sustainability of the
sample preparation procedure.’> Particularly, biopolymers that
are obtained from biological macromolecules have been used to
replace chemically synthesized sorbents. These materials
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3.13%) were obtained demonstrating satisfactory precision. Stream water samples were analyzed, and
recoveries between 82.0 and 109.0% were obtained.

present the advantage of being highly renewable, biodegradable
and non-toxic.’

Agarose is a natural polymer obtained from seaweed formed
by repeated units of 1,3-B-p-galactose and 3,6-anhydro-o-r-
galactose.”® It is considered as a green material because of its
biodegradable nature® and its gelling capacity that facilitates
the fabrication of film-based layers. In addition, the gel struc-
ture of agarose can be conveniently modified by adding
different materials while the gelation process occurs, obtaining
interesting hybrid materials that are suitable for extraction
processes.® In this sense, agarose was mainly combined with
well-established sorbents as multi-walled carbon nanotubes
(MWCNTs) and C18 to perform the extraction of different
pollutants from water samples and some beverages.®*>

Non-steroidal anti-inflammatory drugs (NSAIDs) belong to
the group of the most widely used pharmaceuticals, showing
analgesic and anti-inflammatory effects.”® Although the Food
and Drug Administration (FDA) has a guidance on the safe
disposal of pharmaceuticals,™ this information is unknown for
the majority of the population. Thus, NSAIDs are discarded and
can enter into the environment through domestic, industrial
and hospital wastewaters since the existing water treatment
plants are not designed to entirely remove them." They present
high solubility in water, relatively low environmental stability
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and can be biodegradated.® However, this is offset by its
continued introduction into surface waters."” Different studies
have demonstrated that NSAIDs can produce toxic effects on
living organism in the aquatic environment, such as fish and
invertebrates, even at low concentration levels.'”® Thus, its
quantification in different water sources is of great interest.
Particularly, some authors were able to determine NSAIDs of
massive consumption like ibuprofen and diclofenac found in
urbanized areas of Argentina, specially from cities located in the
province of Buenos Aires, Cordoba and La Pampa.**?

Several materials have been exploited as sorbents to perform
the SPE of NSAIDs from environmental water samples. In most
methods, commercial sorbents, such as C18,** Strata X
cartridges®*** and Oasis HLB**** have been used. Among new
materials, metal-organic frameworks (MOFs) and MWCNTs
have also been proposed to extract NSAIDs in these
matrixes.>*>° In addition, core-shell  polyaniline/
polyacrylonitrile nanofibers® and polyethyleneimine-600 deco-
rated magnetic microporous organic network nanosphere®
have been synthetized for extracting some of these analytes with
good results. Concerning renewable materials, Ibrahim et al.
proposed a MWCNTSs-agarose-chitosan composite to perform
the solid-phase microextraction of naproxen, diclofenac and
mefenamic acid by using non-reusable pieces of the film
inserted in a hypodermic needle.*

In this work, a film composed of agarose and MWCNTSs was
prepared for the simultaneous extraction and determination of
ketorolac, ketoprofen and piroxicam. The new film is utilized as
a single piece and it can be reused several times, resulting in
a high reproducibility, less reagent use (and waste generation)
and lower analysis costs. In addition, this hybrid material is
potentially biodegradable since both agarose and MWCNTS are
materials that can be degraded by bacteria and enzymes.**?*
The film was successfully used in the extraction of the selected
NSAIDs from environmental water samples of Bahia Blanca's
region.

2. Experimental part
2.1 Reagents and materials

The appropriate amount of ketorolac (KEC), ketoprofen (KEN)
and piroxicam (PIR) (Sigma-Aldrich, Germany) were diluted in

100.0mg
agarose

80.0mg
CNTs

'Y

T
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methanol, MeOH (=99%, Sigma-Aldrich, Germany), to prepare
200 mg L' stock solutions that were kept in dark containers (4
°C). Working solutions were prepared daily by diluting a suit-
able volume of the stock solutions with an acetic acid (Sintor-
gan, Argentina) solution (pH 3.0). Agarose (BioReagent, for
molecular biology, low EEO) was bought from Sigma-Aldrich
(Germany). Acetonitrile, ACN (=99%, Sigma-Aldrich, Ger-
many) and formic acid (Sintorgan, Argentina) were used for
preparation of the mobile phase. Isopropyl alcohol, IPA
(=99.8%) was purchased from Dorwil (Argentina). The
MWCNTSs (13-16 nm, purity >95%) were supplied by Bayer®.

2.2 Instrumentation

The HPLC separation was carried out on a HPLC Waters 600
(Waters, USA) combined with a photodiode array detector
(PDA). The analytes were separated using a C18 Gemini column
(150 mm x 4.6 mm, 5 pm, Phenomenex) under isocratic mode.
The mobile phase was composed of ACN and water acidified
with 0.07% of formic acid in a 50:50 v/v proportion. The
column temperature, the injection volume and the flow rate
were 25 °C, 10 pL and 1.0 mL min ™ *, respectively. The separated
analytes were detected at 254 nm (KEN), 312 nm (KEC) and
326 nm (PIR).

The MWCNTs solution was dispersed in a Cole-Parmer EW-
08895-16 ultrasonic bath. The MWCNTs-agarose film was dried
in a laboratory oven (Model SL30S, San Jor, Argentina). A
vacuum evaporator system (Speed Vac SPD11V, Thermo Fisher
Scientific, Argentina) was used to evaporate the solvent.

The characterization of the agarose and the MWCNTSs-
agarose films, before and after drying, was performed with
a Scanning Electron Microscope, SEM (LEO, EVO 40 XVP) with
a secondary electron (SE) detector.

2.3 Preparation of the MWCNTs-agarose film

The preparation of the MWCNTs-agarose film was based on the
procedure developed by Hong Loh et al® with modifications
(Fig. 1). Briefly, 0.1 g of agarose and 5.0 mL of water were mixed
in a beaker and submerged into a water bath at 80 °C. The
solution was magnetically stirred until the agarose was
completely dissolved. In another glass beaker, 80 mg of
MWCNTs were mixed with 5.0 mL of water and sonicated in an
ultrasonic bath for 15 minutes. Then, the dispersed MWCNTs

> gl =€

80°C ._.-—@—'ﬂ*"
30 min MW(CNTs- MWCNTs-
Agitation agarose film 40°C agarose film NSAIDS
beforedrying 24h after drying extraction

Fig. 1
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Schematic representation of the preparation of the MWCNTs-agarose film procedure.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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were added to the agarose solution. The final mixture was
heated with magnetic stirring at 80 °C for 30 minutes in order to
disperse the MWCNTs in the agarose and to achieve a final
volume of 5.0 mL. The mixture was placed over a circular glass
(5.0 cm diameter) and cooled at 25 °C. The obtained film was
dried at 40 °C for 24 h. The images of the obtained MWCNTs-
agarose film, before and after drying, are presented in the ESI
(Fig. S17).

2.4 SPE procedure

The MWCNTs-agarose first conditioned by
submerging it in IPA for 5 minutes, and then washed with
distilled water. Next, the film was placed inside 250.00 mL of
a standard solution or sample containing the mixture of target
analytes. The pH of the standard solution or samples was 3.0.
The solution was magnetically stirred and the extraction was
performed for 30 minutes. Then, the film was separated from
the solution and washed with water. After that, it was placed
inside a glass beaker containing 2.00 mL of ACN and sonicated
in an ultrasonic bath for 5 minutes for elution. The film was
removed from the eluate that was evaporated to dryness using
a vacuum evaporator system at 30 °C. Then, the extract was
reconstituted in 600 puL of the mobile phase. The extraction
blank was performed using distilled water or the sample
applying the same procedure.

film was

2.5 Sampling and preparation of samples

The samples were taken from various sampling points of the
Naposta stream. Two of them (1: P1 38° 40’ 51.822"S 62° 14/
13.707"W; 2: P, 38°45'09.0”S 62°14'10.2"W) were situated in the
city of Bahia Blanca and the other one (3: P3 38°32/00.1"S 61°
52'26.4"W) was located in the village of Cabildo (Fig. S2, ESIT).
The samples were acidified and kept in the fridge (4 °C) until
their analysis. Before the extraction procedure, the samples
were left at 25 °C, homogenized, and filtered with an ashless
filter paper (4-12 um pore, Microclar, USA). After that,
250.00 mL aliquots were taken, acidified until pH 3.0 and
extracted following the procedure mentioned in Section 2.4.
To assess the accuracy of the proposed method, a recovery
study was performed. The samples were spiked with KEC, KEN
and PIR at three concentration levels within the calibration
range in triplicate at the beginning of the analytical process.

3. Results and discussion

3.1 Optimization of the MWCNTs-agarose film preparation
procedure

Most of the SPE approaches using biosorbents that can be
found in the literature®*** involved the use of several films or
multiple pieces of the same film. This fact can cause difficulties
during the extraction procedure, especially during the washing
and elution steps. Thus, the main objective of this work was to
obtain a single piece sorbent with high extraction efficiency that
can be reused as many times as possible. For that purpose, the
optimization of the preparation process was performed. The
concentration of agarose was the same in all the experiments.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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At first, the MWCNTs were dispersed directly in the agarose
solution. The accomplishment of a homogeneous dispersion
was time consuming since the MWCNTs tended to aggregate.
Thus, in order to ensure the homogeneity of the final mixture
the dispersion of the MWCNTSs was performed in water, assisted
by ultrasound, before mixing them with the agarose solution. It
was observed that the total dispersion of the MWCNTS required
15 minutes. At lower times, the dispersion was incomplete,
resulting in longer times to reach a homogeneous MWCNTSs-
agarose mixture.

To achieve a satisfactory extraction capacity of the MWCNTs-
agarose film, a concentration of MWCNTs higher than that
found in the literature was tested.>®'* Therefore, the amount of
MWCNTs was evaluated in the range of 30 to 120 mg. The
highest recovery values were obtained when the film was
prepared with 80 mg of MWCNTs. When the amount of
MWCNTs was higher than 80 mg, the film broke in the drying
step.

The temperature of the agarose solution was kept in the
interval between 80 °C and 85 °C to ensure the complete
dissolution of the agarose. It was noticed that when the
temperature dropped below 75 °C during the preparation of the
film, it broke during drying. This was attributed to a more
fragile structure, owing to an incomplete dissolution of the
agarose, which hindered the gelation and drying processes.

Also, the MWCNTs film was tested with and without a drying
step. When the film was not dry, the extraction of the analytes
was not possible. Thus, the temperature and time of the drying
step were evaluated. The temperature was assessed between 40 ©
C and 60 °C, and no difference in the film appearance and
recovery values was observed. Therefore, 40 °C was selected as
the drying temperature. The drying time was tested between 24
and 48 hours. Satisfactory recovery values were obtained with 24
hours of drying. At lower times, the film was not completely dry,
leading to lower recovery values.

A comparison of the different procedures and formats for
agarose-based sorbents are shown in Table 1 of the ESL.

3.2 Characterization of the agarose-MWCNTs films

The composite was examined by SEM to study the
morphology of the MWCNTs-agarose film. The surface
homogeneity of the MWCNTSs in the agarose matrix was
observed. Fig. 2 shows the surface of an agarose film after its
drying (a), and the morphology of the MWCNTs-agarose film
before (b) and after (c) its drying. As it can be seen, while the
surface of the agarose film is smooth, the addition of
MWCNTSs generates the formation of a rough surface which
facilitates the interaction between the active sites of the
sorbent and the analytes and improves the mass transfer
process and its adsorption capacity. Moreover, it can be
observed that the surface of the film before drying is rougher
than the surface of the film after drying. This fact can be
confirmed by observing Fig. 2d and e that corresponds to the
cross section of both films. In addition, Fig. 2e shows an
adequate blend of the MWCNTSs in the agarose matrix, sug-
gesting good dispersion and adhesion.

RSC Adv, 2023, 13, 9055-9064 | 9057
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Table 1 Analytical parameters of the proposed method for the determination of the NSAIDs

Analytes Linear range (ug L) R? LOD* (ug LY LOQ’ (ug L) RSD% intra-day” RSD% inter-day”
KEC 0.10-1.20 0.997 0.0089 0.030 0.46 3.13
KEN 0.10-1.20 0.998 0.0075 0.025 1.20 3.08
PIR 0.10-1.20 0.998 0.0082 0.027 0.99 2.90

% LOD calculated as 3s A and. ? LOQ calculated as 10 s A%, where, s: standard deviation, A: slope of the calibration curve. ¢ n =5, 0.6 ug L4906

ug L', measure by triplicate over 3 days.

SignetA=SE1

ENT=1000AV  Meg= 100KX WD=160mm  Skna/A=SEf  CCTBS

20 pm .
| EMT=10004v  Mag= 200KX WD=135mm

SignatA=SES  CCTBB

Fig. 2 (a) SEM surface morphology of the agarose film after its drying,

(b) SEM surface morphology of the MWCNTs-agarose film before its

drying, (c) SEM surface morphology of the MWCNTs-agarose film after its drying, (d) SEM of the cross section of the MWCNTs-agarose film
before drying (e) SEM of the cross section of the MWCNTs-agarose film after drying.

3.3 Optimization of the extraction procedure

The extraction mechanism of the film is mainly due to the
interactions between MWCNTs and the analytes through
hydrophobic and w-m interactions.** Particularly, the w-m
interactions are favored by the structure of the analytes that
possess aromatic rings and cyclic molecules with conjugated
double carbon-carbon bonds. To confirm that the agarose did
not intervene in the extraction, the extraction procedure was
performed with a film made only of this material. The results
can be seen in Fig. S30 (ESIT).

Thus, in order to achieve a high extraction efficiency,
different factors that can affect the interactions between the
MWCNTs and the analytes were optimized, including activation
solvent, extraction time, sample pH value, eluent and eluent
volume, sample volume and elution time. All variables were
tested for the three analytes and experiments were performed in
triplicate using 50.00 mL of the standard solution with
a concentration of 0.10 mg L™" for the three compounds.

3.3.1 Sample pH value. The sample pH is a parameter that
strongly influences the efficiency of the extraction, mainly for
acidic and basic compounds. NSAIDs are acidic compounds

9058 | RSC Adv, 2023, 13, 9055-9064

that mainly exist in their molecular form at pH values lower
than their pK, values (KEC: 3.5; KEN: 4.0; PIR: 6.3).>>*” Thus, pH
values in the range of 2.0-6.0 were studied by adjusting the pH
with acetic acid. It was observed that when the solution pH
decreased to 3.0, the extraction efficiency increased significantly
for all the analytes, and kept constant at a lower pH. Therefore,
pH 3.0 was selected for the next experiments.

3.3.2 Activation solvent and extraction time. First, the
extraction procedure was performed without activation of the
sorbent. As it was observed that the analytes were not extracted
by the MWCNTs-agarose film, MeOH and IPA were tested as
activation solvents."* Since IPA is a less polar solvent than
MeOH,* the hydrophobic interactions between MWCNTs and
the analytes were favored by the use of IPA, leading to higher
extraction efficiency. This can be observed in Fig. S4 (ESIY)
which shows the difference in the spectra between the use of
both solvents as conditioning solvents. Thus, IPA was selected
to perform the activation of the MWCNTs-agarose film.

On the other hand, the extraction time was studied in the
interval between 10 and 40 minutes (Fig. 3a). The highest
recoveries were obtained after 30 minutes of extraction. At
longer extraction times, recoveries remained constant.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 Effect of the sample pH (a), extraction time (b), eluent volume (c), elution time (d) and sample volume (e) on the NSAIDs recovery.

3.3.3 Type of eluent, volume and elution time. MeOH and
ACN were tested as possible eluents. In order to perform the
optimization, the extraction protocol was followed for each
analyte and elution was done with 2.0 mL of the eluent. Also,

extraction blanks were performed. Using MeOH as extractant
resulted in more unstable baseline for blank than the use of
ACN. Mixtures of ACN and water were also tested, observing
a decrease of the recoveries of the analytes as the percentage of

Table 2 Recovery percentage values of the NSAIDs determined in surface water samples

Samples® Added concentration (pg L") KEN Recovery (%) KEC PIR
Naposta river (1) 0.30 90.0 + 3.3 106.7 + 6.7 97.0 + 6.7
0.60 85.0 £ 6.7 108.3 + 6.7 98.3 £ 1.7
1.10 82.7 + 1.8 109.0 + 1.8 99.1 + 3.6
Naposté river (2)° 0.30 100.0 + 13.3 106.7 + 6.7 90.0 & 16.7
0.60 91.7 £ 8.3 100.0 + 3.3 96.0 £+ 8.3
1.10 96.4 + 5.4 99.1 + 4.5 99.1 +£ 2.7
Naposta Chico stream 0.30 103.3 £ 3.3 100.0 £+ 3.3 100.0 £+ 6.7
0.60 83.3 £ 1.7 99.1 4+ 3.3 82.0 + 15.0
1.10 102.7 £ 2.7 99.7 + 3.6 99.1 £ 4.5

“ The recoveries were calculated in triplicate. ? (1) and (2) were different sampling points.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig.4 Chromatograms corresponding to the standard solution and spiked water samples measured at 2 = 310 nm for KEC (a), 2 = 326 nm for PIR
(b) and A = 254 nm for KEN (c). Peak identification: (1) KEC, (2) PIR and (3) KEN. Extraction conditions: concentration of NSAIDs, 0.30 pg L™
sample volume, 250.00 mL; mass of MWCNTs, 80 mg; volume of desorption solvent, 2.00 mL; sample pH, 3.0. Chromatographic conditions:
150 mm x 4.6 mm, 5 um particle size C18 Gemini Phenomenex column; mobile phase: ACN-water 0.07% formic acid (50 : 50 v/v); injection

volume: 10 pL; flow rate: 1.0 mL min™L.

water increased. Therefore, ACN was selected as the elution
solvent.

The volume of ACN needed to elute quantitatively the ana-
lytes was studied in the range of 2.00 to 5.00 mL. 2.00 mL of ACN
was the minimum volume needed to completely cover the
MWCNTs-agarose film. Within this range, the volume of eluent
to obtain the highest recovery value was 2.00 mL (Fig. 3b). The
decrease in the recovery values above this volume can be
attributed to a dilution effect. Due to the low elution volume,
the elution step was assisted by ultrasound since the stirring of

9060 | RSC Adv, 2023, 13, 9055-9064

the solution led to the breaking of the film. The elution time in
the ultrasonic bath was tested in the range of 2 to 15 minutes.
The highest recovery was achieved at 5 minutes of elution, and
there was no significant improvement in the recoveries for all
NSAIDs at higher times.

3.3.4 Breakthrough volume. Breakthrough volume data is
important in order to assure that the analytes are not purged off
the sorbent bed during sample loading. This value is also
important to calculate the enrichment factor. Thus, the suitable
volume to be loaded into the MWCNTs-agarose film was studied

© 2023 The Author(s). Published by the Royal Society of Chemistry
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by drowning the film into increasing volumes of the sample, in
the range of 10.00 to 500.00 mL, and keeping the analytes mass
constant. The experimental data is shown in Fig. 3c. As it can be
observed, no significant variations of the recoveries occurred
(95.5-100.0%) when the sample volume increased from 10.00 to
250.00 mL for the three analytes. After that volume, the recov-
eries of KEC and KEN decreased with the increase of the sample
volume. Thus, 250.00 mL was selected as the optimal sample
volume.

3.4 Reusability of the MWCNTSs-agarose film

The reuse and stability of the sorbent are important factors to
assess its performance. To evaluate this, the MWCNTs-agarose
film was subjected to consecutive cycles of adsorption/elution
under the optimized conditions. At the end of the working
day, the film was washed repeatedly with ACN and distilled
water, and then it was dried until reuse. The obtained recovery
percentage values were satisfactory and remained approxi-
mately constant up to 50 times, demonstrating that the film was
stable and reusable, without losing the extraction capacity for
the target analytes.

The use of a biopolymers as supports for the sorbents is
important not only because the material obtained is potentially
non-toxic and biodegradable but also to avoid other types of
immobilization that require organic reagents that can
contaminate the environment. However, in the works that can
be found in the literature, the proposed sorbents are not reus-
able or used few times and discarded after each sample
extraction (Table S1, ESIt). This represents a great disadvantage
since, although they are biodegradable materials, the prepara-
tion of different films for each extraction reduces the repro-
ducibility of the method, increases the quantity of reagents
needed and it is time-consuming.

3.5 Analytical performance

Table 1 shows the analytical figures of merit that were calcu-
lated to evaluate the proposed method. Calibration plots for the
target compounds were built in the range of 0.10 to 1.20 ug L™*
by performing the extraction of a mixture of the analytes’
standard solutions. Correlation coefficients higher than 0.99
were obtained for all analytes. LOD values were 0.0089, 0.0075
and 0.0082 pug L™" for KEC, KEN and PIR, respectively, and LOQ
values were 0.030, 0.025 and 0.027 pg L~ for KEC, KEN and PIR,
respectively. The intra-day precision was assessed by calculating
the relative standard deviation (RSD%) with the values obtained
when the analysis was performed with a 0.6 ug L' standard
solution of each compound five times within a day. In order to
study the inter-day precision, the solutions with the same
concentration were measured by triplicate on three consecutive
days. The obtained RSD values demonstrated a high precision
of the extraction method.

3.6 Application to environmental water samples

The applicability of the MWCNTs-agarose film in the extraction
of the analytes from surface water samples was evaluated. The
samples were taken from different points of the Naposta stream
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(sampling points 1 and 2), which provides the city of Bahia
Blanca with drinking water. The sampling point 3 was collected
from the Naposta chico stream. Sampling sites were taken at
strategic locations in and around the city. Point 1 and point 2
were selected before entering the city and before the mouth of
the stream enters the estuary, respectively. These points were
chosen due to the fact that there may be clandestine sewage
discharges that arrive through freshwater courses'.*® On the
other hand, the sampling point of the Naposta Chico stream
was selected after the last town (Cabildo) that crosses the
stream.

Even though the sampling points were selected taking into
account a potential contamination of the water, residues of the
target compounds were not found at concentrations above the
quantitation limit of the method.

To evaluate the accuracy of the proposed method, a recovery
study was performed. For that, the samples were spiked at the
beginning of the analytical process and treated as described in
Section 2.4. Table 2 shows the added concentrations (0.30, 0.60
and 1.10 pg L") and the recoveries obtained for KEN, KEC and
PIR, which ranged from 82.0% to 109.0%, with most of the
results between 90.0 and 103.3%.

Fig. 4 shows the chromatograms of the 0.30 ug L ™" standard
solutions of the analytes and spiked samples at the same
concentration level for comparison.

The slope of the calibration plot and the slope of the cali-
bration plot built using a sample spiked at the same concen-
tration levels were compared to evaluate the matrix effect.’® At
the calculated probability level (p > 0.1), there was no significant
difference between the slopes. Thus, it can be concluded that no
matrix effect was present.

Different SPE methods that have been found in the literature
for the extraction of the studied analytes are shown in Table 3.
They have been compared in terms of SPE-based extraction
technique, type of sorbent, SPE parameters, reusability of the
sorbent, detection technique, LOD and RSD values. The use of
less amount of sorbent and lower volume of organic solvent
were the main advantages, together with the reusability of the
MWCNTs-agarose film several times. As it can be observed, it
was possible to obtain preconcentration factors comparable
with most of the methods that were found in the literature. In
addition, the obtained LOD value was significantly lower than
the LODs of the methods that use the same detection technique
(molecular absorption spectrometry). Furthermore, it was
comparable with some of the methods that use mass spec-
trometry as detection technique. Concerning RSD, the obtained
values were similar or even lower than the published methods.

4. Conclusions

Agarose, which is a non-toxic, renewable and biodegradable
material, was used for the immobilization of MWCNTSs. The
MWCNTs-agarose film presented excellent sorbent properties
and allowed the extraction and preconcentration of KEC, KEN
and PIR, obtaining satisfactory analytical parameters. In addi-
tion, the film was reusable up to 50 times without losing its
extraction capacity. Furthermore, it was possible to perform the

© 2023 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra00166k

Open Access Article. Published on 20 March 2023. Downloaded on 7/29/2025 4:38:23 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

extraction with a single film, which notably simplified the
experimental procedure. The proposed method was successfully
applied for the quantification of the selected analytes in natural
water samples of Bahia Blanca's region with satisfactory results.
As far as we know, it is the first time that these compounds were
determined in this region, which is of great importance to
obtain the state of the art of their presence/absence. In this case,
the analytes were not found in the selected sampling points at
the detection limits that were achieved by the proposed method.
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