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ABSTRACT ARTICLE HISTORY

A new magnetic solid phase microextraction method (MSPE) was Received 28 April 2023
developed for the preconcentration of rhodamine B from plastics, Accepted 28 July 2023
cosmetics, and environmental samples before spectrophotometric
analysis. A nanocomposite adsorbent containing ZnO nanoparticles
(NPs), multi-walled carbon nanotubes (MWCNTSs) and FesO4 nanopar- . "

. - extraction; multiwalled
tlclgs was synthesged by a hydrothermal procedure. The new mag- carbon nanotubes;
netic nanocomposite (MWCNTs@ZnO@Fe;0,) was characterized by rhodamine B:
Fourier-transform infrared spectroscopy (FT-IR), x-ray diffraction spectrophotometry
(XRD), and scanning electron microscopy (SEM). The pH, sample vol-

ume, eluent type, adsorbent mass, influence of foreign species, and

analyte-adsorbent and eluent contact times were optimized. The

optimum pH was 3; adsorbent mass, 20 mg; sample volume, 50 mL;

and eluent, 0.7 mL of ethanol. Recovery values exceeding 95% were

obtained. The developed vortex assisted magnetic solid phase

extraction method (VA-MSPE) was applied to practical analysis. The

limits of detection (LOD) and quantification (LOQ) were 0.83 ng L

and 2.77 pg L', respectively. The addition/recovery experiments

were carried on several water samples to demonstrate acceptable

recoveries.
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Introduction

Synthetic and natural dyes are increasingly used in rubber, textiles, food, papermaking,
leather, plastic, and cosmetics (Hayeeye et al. 2017). The dyes are generally stable
against heat, light and oxidizing agents. In addition, they are often difficult to bio-
degrade. Because of the increasing production, the formation of wastewater is also
increasing, especially in the textile industry. These dyes contained in wastewater, mix
with environmental water samples, and change the color of the water, prevent the pas-
sage of sunlight and reduce the biological diversity (Ozkantar, Soylak and Tuzen 2017;
Wang et al. 2006).

Rhodamine B, which is reddish violet in water, is a red xanthene dye (triphenylme-
thane dyes) and its trade name is D&C Red No. 19. It is one of the most employed
industrial-based dyes due to its low cost, and is also employed as a tracer and fluores-
cent colorant (Anirudhan, and Ramachandran 2015; Jain et al. 2007; Richardson,
Wilson, and Rusch 2004).

It is present the environmental water because of its utility in many industrial applica-
tions. This situation poses a danger to the health of humans and all living things due to
the dangerous effects of rhodamine B. It causes unhealthy effects for aquatic creatures
and negative effects such as respiratory toxicity, reproductive problems, chronic toxicity,
neurotoxicity, carcinogenicity, and skin irritation (Best et al. 2010; Hasegawa et al. 2009;
Hu et al. 2013; Jain et al. 2007; Kim et al. 2008; Li et al. 2011; Ozkantar, Soylak, and
Tuzen 2017; Yuan, Lin, and Feng 2011; Zhang et al. 2009). Due to the harmful effects
mentioned above, both separation and determination of rhodamine B in water, food,
plastic products, and especially cosmetic products are mandatory (Bello et al., 2019; Cui
et al. 2015; Ozkantar, Soylak, and Tuzen 2017; Ruthven 1984; Suzuki 1993). The treat-
ment of wastewater including toxic dose synthetic or naturel dyes is one of the most
vital procedures for the protection of the environment.

To this end, there are diverse techniques for its determination, such as bio-treatment,
chemical oxidation, ion exchange, flotation, coagulation, electrochemical processes,
photocatalysis, and adsorption (Jain et al. 2007). Among the many treatment methods,
adsorption is a solid phase extraction method in which dyes and heavy metals are
removed and determined in water (Hasegawa et al. 2009; Hayeeye et al. 2017; Kotsmar
et al. 2010; Schieder et al. 1994). Adsorption is low cost, easy, and has practically applic-
able operation and reaction conditions providing the decrease of the formation of
chemical waste. In addition, it is an increasingly popular with the use of different
adsorbents, as it has high selectivity and practical designability. Adsorption is an impor-
tant step in the solid phase extraction to separate the analyte from the sample.
Therefore, in order to carry out the most effective adsorption process, it is necessary to
employ an adsorbent with the best performance (Chen et al. 2022; Li et al. 2015; Tercan
et al. 2023; Zhang, and Selim 2005).

Many adsorbents such as graphene oxide (GO) (Zhou et al. 2022), carbon nanotubes
(CNTs) (Aydin, Cakmak, et al. 2020), polymeric materials (Soylak et al. 1997; Soylak
and Yilmaz 2010), activated carbon (Ghaedi et al. 2016; Soylak and Maulana 2023), and
ion exchange resins (Ma et al. 2023) are used because of their surface area, availability,
cost, and performance. These carbon-containing materials are employed in chemistry,
medicine, energy, and materials.
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CNTs include single-walled carbon nanotubes (SWCNT) and multi-walled carbon
nanotubes (MWCNT), classified by the number of concentric tubes. SWCNT has one
layer of graphene cylindrical wall and MWCNT has two or more graphene shells which
are concentric and cylindrical (Han et al. 2009; Ma et al. 2010; Zhang et al. 2023). In
addition, CNTs have high electrical conductivity, large surface area, simple electron
transfer, and good thermal stability. Hence, they offer an appropriate catalyst for dyes
and metallic species (Kennedy et al. 2017; Tourchi Moghadam and Seifi 2022).

However, the low-dose use of CNTs in nanomaterials may notably improve mechan-
ical properties and control the structure of the composite (Lee et al. 2010; Sldozian
et al. 2019; Wang et al. 2022). Thus, CNTs are combined with semiconductor materials
such as ZnO and MgO to improve the physical and mechanical properties. The
ZnO/CNTs combination provides a large surface area for the CNTs and increases the
conductivity (Kennedy et al. 2017; Kumar et al. 2015; Nodeh et al. 2016; Sun et al.
2019; Tourchi Moghadam and Seifi 2022; Xolani et al. 2017). Although CNTs/ZnO
adsorption is reliable, it is time consuming and causes analyte losses. In order to
improve the performance, CNTs have included Fe;O4 to provide magnetic properties
(Azam and Mohammad 2015; Nodeh et al. 2015; 2016; Yadollah, Mohammad, and
Mahnaz 2015).

In this paper, an MWCNTs@ZnO@Fe;O4 nanocomposite was synthesized by utilizing
hydrothermal procedure to determine rhodamine B in plastic and cosmetics. The simple
VA-MSPE method for the determination of rhodamine B reduces time and chemical
consumption and offers high recoveries, suitable enrichment factors, and good
efficiency.

Experimental
Instrumentation

Rhodamine B determination was performed with an ultraviolet-visible spectrophotom-
eter from Perkin-Elmer (Lambda 25; Norwalk, CT, USA). A vortex mixer (Stuart SA8
BioCote, UK) was used to augment the extraction efficiency of rhodamine B. The pH of
sample solutions was optimized by means of pH/ORP Meter (Hanna Hi 2211, USA).
Distilled water was acquired from the Nuve Water Distiller ND-4 (Ankara, Turkey).

The surface functional groups such as Zn-O bond and C=C bond were character-
ized by Fourier transform infrared spectroscopy (FT-IR, Thermo Scientific Nicolet
6700) using attenuated total reflectance. A Zeiss Evo LS10 scanning electron microscope
(SEM) was operated at 10kV. The crystal structure of the materials was characterized
using a Bruker AXS D8 x-ray powder diffractometer.

Reagents

Analytical grade MWCNTSs (Nanography, Turkey), sodium dodecyl sulfate (SDS) (Carlo
Erba, France), ammonium bicarbonate (NH,HCO;) (Sigma Aldrich, Germany), zinc
chloride (ZnClL,), iron (III) chloride (FeCl; 6H,0), iron (II) chloride (FeCl,.4H,0), and
ammonia (NH;) (Merck, Germany) were used without purification in the synthesis of
nanomaterials.
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The rhodamine B stock solution (1.0 x 10~* M) was prepared in analytical grade
ethanol. The model solutions and standard solutions were prepared by diluting the
rhodamine B stock solution in ethanol.

Optimization for pH values from 2.0 to 8.0 were carried out employing buffers such
as ammonium, phosphate, and acetate. Analytical reagent grade ethanol with was used
for the desorption of rhodamine B from MWCNTs@ZnO@Fe;0,.

Synthesis of mangnetic MWCNTs@ZnO@Fes0, nanomaterial

A hydrothermal technique was used for the synthesis of ZnO@MWCNTs. Solutions of
ZnCl, (1.0 M, 15.0mL) and NaOH (5.0 M, 25.0mL) were mixed and the MWCNTs
(0.25g) were slowly added with stirring. The mixture was dispersed in an ultrasonic
bath for 30 min, transferred into a Teflon-lined stainless steel hydrothermal unit, and
heated to 180 °C for 12h. The obtained MWCNTs@ZnO nanomaterial was washed twice
with deionized water and acetone, dried at 60°C, and ground before use (Yang et al.
2008).

The synthesis of MWCNTs@ZnO@Fe;0,4 nanomaterial was performed by a hydrother-
mal method using a reflux system under nitrogen. 100 g of MWCNTs@ZnO were dis-
persed in 100 mL of deionized water. 50 mL of water containing FeCl; (0.745 g) and FeCl,
(0.340 g) were slowly introduced at 85°C. After 1h, 20.0 mL of NH; (25.0%) were added
dropwise and allowed to react for 1h. The mixture was cooled, filtered, washed twice with
distilled water and acetone, and dried at 60°C (Jiang et al. 2023; Li et al. 2023; Soylak,
Acar, and Yilmaz 2017; Wang et al. 2023; Wu et al. 2022; Xu et al. 2022; 2023).

VA-MSPE

A model solution (10 mL; pH 3.0) was employed for the optimization of the VA-MSPE
method. The model solution was treated with 20.0 mg of the MWCNTs@ZnO@Fe;0,
adsorbent. The model solution and MWCNTs@ZnO@Fe;0, particles were vortex mixed
for 3 min. The adsorbent was subsequently isolated from an aqueous solution by apply-
ing an external neodymium magnet. Lastly, the isolated MWCNTs@ZnO@Fe;O, par-
ticles were subjected to desorption by adding 0.7mL of ethanol to the remaining
adsorbent vortex mixing to elute the rhodamine B from MWCNTs@ZnO@Fe;0,. The
ethanol phase containing rhodamine B dye was analyzed by spectrophotometry at
558 nm. A similar VA-MSPE methodology was applied for blanks.

Analysis of cosmetics, water, and plastic

The developed VA-MSPE method was applied to cosmetics, water and plastic samples.
The cosmetics including nail polish, lip balm and rose water obtained from a market in
Gaziantep, Turkey.

About 5mg nail polish, rouge or lip balm; 3 g cand; 1 g candle; 6 g ballon; and 1 g paper
napkin were weighed into centrifuge tubes and dissolved in 5 mL ethanol with shaking for
lhour to isolate rhodamine B. Environmental water samples were passed through a
0.22 um filter before VA-MSPE application and stored at 4°C. The samples were
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centrifuged for 10 minutes before using the developed MSPE method upon the liquid
phase. The absorbance measurements were carried out by spectrophotometry at 558 nm.

Results and discussion
Characterization of the adsorbent

The filamentous and smooth structure of MWCNTs and the small spherical particles of
ZnO in the MWCNTs@ZnO nanomaterial are shown in Figure 1A. Figure 1B shows
the nanomaterial’s morphological structure. The Fe;O, nanospheres of various sizes
form a layer on the top of MWCNTs@ZnO.

Figure 2A shows the XRD pattern of the synthesized nanomaterials. The
MWCNTs@ZnO have diffraction peaks from both MWCNTs and ZnO NPs. The char-
acteristic peaks and the corresponding latices of ZnO NPs are located at 20=31.76°
(100), 34.4° (002), 36.2° (101), 47.57° (102), 56.55° (110), 62.86° (103), 66.4° (200),
67.9° (112), and 69.10° (201). According to these peaks, the structure of the formed
ZnO NPs is wurtzite single phase with a hexagonal unit. The MWCNTs provided a
peak at 20=26.8° due to the (002) reflection of graphite for the nanomaterial.
Characteristic peaks at 30.37 (220), 36.07° (311), 42.09° (400), 56.74 (511), and 62.8
(440) were observed due to the cubic phase of Fe;O, (Elhamdi et al. 2022; Ramoraswi,
and Ndungu 2015; Yang et al. 2018).

The infrared spectra of the synthesized materials are shown in Figure 2B. The spectra
affirm the presence of ZnO NPs and MWCNTs. The MWCNTs@ZnO showed a signifi-
cant vibration at 540 cm ™' corresponding to the characteristic stretching of Zn-O and a
band at 1535cm ! due to the C=C bond of MWCNTs. The MWCNTs@ZnO@Fe;0,
spectrum showed the same band corresponding to Zn-O vibration. However, the band
was a larger due to the overlapping vibration of the Fe-O bond at 551 cm ™' (Anzlovar
et al. 2012; Jannah and Onggo 2019).

Influence of pH

The pH optimization is one of the most important parameters affecting adsorption
because it determines the charge balance of the medium (Hema and Arivoli 2009; Rais
and Rajeev 2010; Ramuthai et al. 2009). The sample pH was controlled using buffer

Figure 1. FE-SEM images of (A) MWCNTs@ZnO and (B) MWCNTs@ZnO@Fe;0,.
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Figure 2. (A) X-ray diffraction patterns and (B) infrared spectra of MWCNTs@ZnO and MWCNTs
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Figure 3. Influence of pH upon the extraction efficiency of rhodamine B by MWCNTs@ZnO@Fes0,
(n=3) Conditions: eluent volume: 0.7 mL, adsorbent dosage: 20.0 mg.

solutions from pH 2.0 to 8.0. The recovery values for rhodamine B are shown in Figure
3. The optimum pH was 3.0 where the maximum recovery was obtained.

Mass of MWCNTs@ZnO@Fe;0,

The mass of MWCNTs@ZnO@Fe;0, NPs was investigated from 5.0 to 40.0 mg using
VA-MSPE with spectrophotometric detection. The recoveries of rhodamine B increased
up to 10.0mg (Figure 4) and reached a plateau. In order to ensure sufficient adsorbent,
20.0mg of MWCNTs@ZnO@Fe;0, NPs were deemed to be optimum and were used in
subsequent measurements (Khan, Dahiya, and Ali 2012; Namasivayam et al. 2019).

Influence of eluent type and volume

Complete desorption of rhodamine B from MWCNTs@ZnO@Fe;0, NPs is necessary to
obtain quantitative extraction by VA-MSPE. Therefore, the desorption solvent must
elute the analyte with high recoveries. Acetonitrile, ethanol, acetone, and water were
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Figure 4. Influence of the MWCNTs@ZnO@Fe3;0, NPs mass upon the extraction efficiency of rhoda-
mine B (n=3). Conditions: pH: 3, eluent volume: 0.7 mL.
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Figure 5. Influence of the eluent type upon the extraction efficiency of rhodamine B (n=3).
Conditions: pH: 3.0, eluent volume: 0.7 mL, adsorbent dosage: 20.0 mg.

investigated in this study. Although quantitative recoveries were obtained with aceto-
nitrile, ethanol and acetone, ethanol was selected for further work (Figure 5).

Next, the lowest eluent volume that provided quantitative elution of rhodamine B
was investigated to minimize its volume and provide a high preconcentration factor.
Thus, desorption experiments were carried out from 0.7 to 3.0 mL with spectrophoto-
metric analysis. The results show that 0.7 mL of ethanol were sufficient to quantitatively
elute rhodamine B from 20.0 mg MWCNTs@ZnO@Fe;0, NPs.

Contact time of adsorbate and analyte

In extraction procedures, vortex mixers, mechanical shakers and ultrsound are used to
increase the interaction between the analyte with the adsorbent and eluent. In this
study, vortex mixing was used in both adsorption and desorption processes to achieve
simple and fast extraction. The model solutions were vortex mixed from 2 to 7 minutes
to optimize the contact time between MWCNTs@ZnO@Fe;O, NPs and rhodamine B.
Quantitative recovery values were obtained with vortex shaking for 3 minutes as shown
in Figure 6.

The desorption period for vortex mixing was also optimized by varying the inter-
action time of ethanol and MWCNTs@ZnO@Fe;04 NPs from 2 to 10 min. The results
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Figure 6. Influence of vortex mixing time upon the adsorption and desorpsiton efficiency of rhoda-
mine B on MWCNTs@ZnO@Fe3;0, where D is desorption and A is adsorption (n=3) Conditions: pH:
3.0, eluent volume: 0.7 mL, adsorbent dosage: 20.0 mg.
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Figure 7. Influence of the sample volume upon the isolation of rhodamine B (n = 3). Conditions: pH:
3.0, eluent volume: 0.7 mL, adsorbent dosage: 20.0 mg.

in Figure 6 show that a desorption period of 2min is sufficient to quantitatively elute
rhodamine B from the adsorbent. Hence, the adsorption and desorption of rhodamine
B by VA-MSPME were rapid and efficient.

Influence of sample volume

Finding the highest sample volume to which the separation/enrichment-based methods
is significant to obtain a low detection limit, achieving high enrichment, and reducing
matrix interference. Herein, the developed VA-MSPME method was applied to model
solutions with volumes from 5.0 to 60.0 mL. The recoveries for rhodamine B were over
95.0% up to 50.0mL (Figure 7). Quantitative recoveries were not obtained at 55.0 mL
and 60.0 mL. The obtained results show that the developed VA-MSPE method may be
applied to 50.0 mL sample volumes. Since the final volume was 0.7 mL, the preconcen-
tration factor was determined to be 71.4.

Matrix effects

For separation/enrichment methods, the ability to selectively isolate the analyte from
the matrix and accurately determine it without interferences is necessary (Aydin,
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Table 1. Influence of foreign species as mean + standard deviation upon the extraction efficiency of
the VA-MSPE spectrophotometric procedure (n=3).

Foreign species Concentration, mg L™ Recovery, %
Chromotrope FB 5 100+ 7°
RBV-5 2.2 94+8
Methylene blue 1.6 95+8
Lissamine green B 1.73 103+3
Eosin B 0.58 94+2
Sudan IV 1.14 99+13
Mn?* 100 102+2
A3 100 1015
Cd** 100 100+ 1
Cu*t 10 99+3
Co** 100 9%+4
Na™ 5000 99+1
Mo?* 5 98+6

Conditions: pH: 3, eluent volume: 0.7 mL, adsorbent dosage: 20 mg, rhodamine B concentration: 2.0 x 107 M.
®Mean + standard deviations.

Yilmaz, et al. 2020; Gokce et al. 2023; Sotouneh et al. 2023; Soylak 1998). Several poten-
tial interferences at different concentrations were investigated with VA-MSPE. Potential
interferents included Sudan IV, chromotrope FB, RBV-5R, metilen blue, eosin B, liss-
amine green B, Chicago sky blue, AI’*, Cd*", Mo®>", Co’", and Na*. The tolerance was
deemed to be the concentration of matrix species that induced a relative error of 5% in
the determination of rhodamine B. The analyte was affected by different concentrations
of the interferents as shown in Table 1. In general, the results show that the VA-MSPE
provided good selectivity (Altunay et al. 2022).

Real samples applications

The accuracy of VA-MSPE method was investigated by the analysis of cosmetics and
plastic. The addition/recovery experiments were used to determine the accuracy of
VA-MSPE using tap water under the optimum conditions. The recovery values between
83% and 97% (Table 2) demonstrate that the developed VA-MSPE provided good
accuracy for the determination of rhodamine B in cosmetics, water, and plastic
(Table 3).

Analytical performance

In order to validate the VA-MSPME method, the relative standard deviation (RSD),
preconcentration factor (PF), limit of quantification (LOQ), correlation coefficient (R%),
limit of detection (LOD), and linear range (LR) were evaluated under the optimum con-
ditions. The relative standard deviation was 3.8%. The correlation coefficient, limit of
detection (3S,/m), and limit of quantification (10Sp/m) were 0.9941, 0.83 pg L} and
2.77 ug'L ™" from the calibration relationship where m is the slope and S, is the stand-
ard deviation. The linear calibration relationship was A = 0.1423C + 0.0114 where A is
the absorbance and C is the rhodamine B concentration. The preconcentration factor
for rhodamine B was 71.4.
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Table 2. Addition/recovery experiments of rhodamine B as mean + standard deviation in tap water
using the VA-MSPE spectrophotometric procedure (n = 3).

Added (ug-L™") Measured (ug-L™") Recovery, %
0.0 Not detected -

341 3.29+0.15 9% +4
6.84 6.57 £0.05 97 +1
13.69 11.38 £0.49 83+1

Conditions: pH: 3.0, eluent volume: 0.7 mL, adsorbent dosage: 20.0 mg.

Table 3. Determination of rhodamine B as mean +standard deviation using the VA-MSPE spectro-
photometric procedure (n=3).

Samples Measured

Dragee candy 3.96+0.04 ng/g®

Cake decoration sugar 4.55+0.27 pg/g

Party candle 44.6+3.7 ng/g

Nail polish 1 72.5+83 pg/g

Rouge 1 36.5+5.6 pg/g

Plastic balloon 7.1£0.2 png/g

Rose water Below the limit of detection
Nail polish remover 0.17 £0.04 pg/mL

Paper napkin 84+4 ng/g

Conditions: pH: 3.0, eluent volume: 0.7 mL, adsorbent dosage: 20.0 mg.
?Mean + standard deviations.

Table 4. Comparison between the developed procedure with the literature.

Relative standard

Method Limit of detection deviation, % Enhancement factor Reference
Solid phase 0.52pug L™ - 125 Beyki, Feizi, and
extraction Shemirani 2016
lonic liquid-based 1.05ug L' 13 65 Taziki et al. 2012
dispersive liquid—
liquid

Microextraction
(IL-based DLLME)

Solid phase 022pug L' 4.8 140 Bisgin et al. 2020
extraction

Solid-phase 36ug L7! 3.83-6.019 Wu et al. 2015
extraction

Dispersive liquid— 2.39ng mL™! 2.88 10 Biparva, Ranjbari, and
liquid Hadjmohammadi
microextraction 2010

Solid-phase 34pug L7 - - Su et al. 2015
extraction

Solid-phase 3.94pug L7 1.16 26 Nekoeinia et al. 2015
extraction

Solid-phase 52ng mL™’ 3.1 Bakheet and Zhu
extraction 2017

Magnetic solid-phase 0.83 ug L' 3.8 71.4 This work
extraction

Conclusions

The goal of this work is to demonstrate that the separation and preconcentration of
rhomamine B from cosmetics and plastics is within the scope of green chemistry. Each
of the samples was analyzed by VA-MSPME as described above. The aqueous solutions
were analyzed by spectrophotometry for rhodamine B. The isolation conditions were
optimized. As a result, 20mg of adsorbent, 3 minutes adsorption time, 2minutes
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desorption time, and 0.7 mL desorption solvent were optimum to separate and precon-
centrate rhodamine B. The optimum recovery was obtained at pH 3.

The method was applied directly to the analysis of cosmetics and plastics. The accur-
acy was verified by recovery experiments as shown in Table 1. The microextraction
method demonstrated offers rapid analysis, low chemical consumption, easy magnetic
separation, high recoveries, good extraction efficiency, and a suitable preconcentration
factor (PF). However, the protocol has some minor disadvantages. For example, it is
not applicable across a wide pH range.

The developed VA-MSPME was compared with the literature as shown in Table 4.
This approach is superior to previous methods for rhodamine B because of the low
limit of detection and high preconcentration factor without external treatment.
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