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MgO-ZnO/carbon nanofiber nanocomposite
as an adsorbent for ultrasound-assisted
dispersive solid-phase microextraction of
carbamazepine from wastewater prior to
high-performance liquid chromatographic
detection
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Abstract

A simple, rapid, and efficient ultrasound-assisted dispersive solid-phase microextraction (UA-DSPME) method was
developed for the preconcentration of carbamazepine (CBZ) in wastewater prior to high-performance liquid
chromatography coupled with diode array (HPLC-DAD) determination. The carbon nanofibers coated with
magnesium oxide-zinc oxide (MgO-ZnO@CNFs) nanocomposite was used as an efficient adsorbent in magnetic
dispersive solid-phase microextraction method. The structural and morphological properties of the nanocomposite
were characterized by scanning electron microscopy and energy dispersive spectroscopy, transmission electron
microscopy, X-ray diffractometer, and Fourier transform infrared spectroscopy. The surface area was investigated
using Brunauer–Emmett–Teller. Several factors (such as pH, mass of adsorbent, extraction time, and eluent volume)
that affect extraction and preconcentration of CBZ were also assessed and optimized using response surface
methodology based on central composite design. Under optimal conditions, the limits of detection (LOD) and
quantification were 0.08 μg L−1 and 0.29 μg L−1, respectively. The calibration curve constructed after
preconcentration of seven successive standards was linear in the concentration range of 0.3–800 μg L−1 with the
correlation coefficient of 0.9922. The intra-day and inter-day precisions expressed in terms of relative standard
deviation were 1.4% and 4.2%. A preconcentration factor of 490 was achieved, and the method was applied for the
analysis of spiked wastewater. Satisfactory recoveries ranging from 97.8 to 102% were obtained.
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Introduction
In the last decades, there have been more reports of
pharmaceutical compounds that are present in rivers and
surface waters at large (Andreozzi et al. 2002). The ever-
increasing demand of medicine for treatment of various

diseases and disorders in veterinaries and humans has been
recognized as the major source of these compounds that
are polluting our waters (Halling-Sørensen et al. 1998).
When these pharmaceuticals are consumed, they are me-
tabolized by the body and excreted out through defecation
and urination as glucuronides and sulfates. However, some
of them remain intact and are not converted to other com-
pounds (Ternes 1998). Besides the substances that remain
metabolized, numerous other substances are transformed
into active metabolites (Hoff et al. 2015). Defecation and
urination are not the only sources of this type of environ-
mental pollution but inappropriate disposal of unused and
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expired medicine also contribute to pollution (Murdoch
2015). Some of these pharmaceutical compounds or their
metabolites are very stable and mobile in natural environ-
mental conditions (Murdoch 2015). Since the water treat-
ment plants fail to remove them, they can be deposited into
the soil which may reach the agricultural land (Larsen et al.
2004). Compounds that reach the surface water are likely
to contaminate sources that are used for drinking water
(Miao et al. 2005). Through intensive studies all over the
world in the last few decades, some pharmaceutical com-
pounds have been successfully detected in groundwater
(Heberer 2002a; Heberer 2002b; Sacher et al. 2001).
One of the widely used drugs for the treatment of disor-

ders is carbamazepine (CBZ). Generally, CBZ is defined as
a synthetic drug that falls under the benzodiazepine class
and it is primarily used for treating epileptic disorders
(Gierbolini et al. 2016). This drug does not only help epilep-
tic patients control seizures but it is also used for the treat-
ment of bipolar, nerve disorders, and psychiatric therapy,
and it can also be used in trigeminal neuralgia treatment
(Chen and Lin 2012). This drug is primarily digested by bile
which is a fluid released from the liver where it is partially
metabolized into CBZ 10, 11 epoxides, and other deriva-
tives (Swart et al. 1998). Similar other pharmaceutical
drugs, its main sources are defecation, urination, and im-
proper disposal of expired or unused. When an average
person takes CBZ, about 2 to 3% of it remains as a parent
compound and it is released through urination and flushed
down where it is mixed with wastewater (Clara et al. 2004).
Studies that were conducted in Europe and North America
have indicated that this drug has been detected most fre-
quently in wastewater treatment plants, effluents, and river
streams (Heberer 2002a; Metcalfe et al. 2003; Öllers et al.
2001; Ternes 1998). CBZ has been found in high concen-
trations, up to several ng L−1 in surface waters (Clara et al.
2004; Ternes 1998). In Germany, this drug has been de-
tected at a concentration of 1075 ng L−1 in the surface wa-
ters of the city of Berlin (Heberer 2002a).
The development of quick, accurate, affordable, easy

to use, and sensitive methods for detection, preconcen-
tration, and removal of CBZ at trace levels is necessary
and has been one of the greatest challenges faced by an
analytical chemist for years. Recent analytical methods
are based mostly on the use of liquid chromatography-
tandem mass spectrometry (LC–MS/MS) (Lübbert et al.
2017). This is because this technique is highly sensitive
and can detect and identify compounds at extremely low
concentrations, but it is very complicated and expensive
so not all the labs can afford it (Gros et al. 2006). There-
fore, several sample preparation methods have been de-
veloped to increase the detection limits of analytical
detection techniques such as HPLC coupled with a UV
detector (Vosough et al. 2014) and gas chromatography-
flame ionization detector (Bahmaei et al. 2018). These

methods include solid-phase microextraction (SPME)
(Asgari et al. 2017), solid-phase extraction (SPE) (dos
Santos et al. 2017; Fortuna et al. 2010; Mirjana et al.
2012; Patrolecco et al. 2013), ultrasound-assisted emulsi-
fication microextraction (UAEME) (Bahmaei et al. 2018),
dispersive liquid–liquid microextraction (DLLME) (Beh-
bahani et al. 2013), and solid-phase extraction combined
with dispersive liquid–liquid microextraction (Rezaee
and Mashayekhi 2012). Among the abovementioned
sample preparation techniques, dispersive solid-phase
microextraction (DSPME) has attached significant atten-
tion due to attractive properties such as rapidity, less
solvent consumption, simplicity, and economical
(Asfaram et al. 2015a; Asfaram et al. 2015b). Similar to
traditional SPE, the nature of adsorbent plays a funda-
mental role in the extraction and preconcentration
process (Asfaram et al. 2015a; Asfaram et al. 2015b).
Recently, nanostructured adsorbents have received sig-

nificant attention because of their attractive properties
such as high adsorption capacity, chemical and thermal
stability, and high surface area (Zhang et al. 2011).
Among other nanomaterials, carbon-based adsorbent
nanomaterials display superior mechanical, chemical,
and physical properties (Asmaly et al. 2015). Carbon
nanofibers (CNFs) are carbon-based adsorbent nanoma-
terials that are classified as sp2-based linear filaments
that have a very large surface area. The structure of car-
bon nanofibers is what gives it its exceptional properties
and unlimited applicability (Kaerkitcha et al. 2016).
These properties allow CNT to have good potential for
organic pollutant removal from water. In addition, car-
bon nanofibers have a large surface area, developed por-
osity, and tunable surface-containing functional groups
which enhance their adsorption efficiency (Asmaly et al.
2015). However, the main challenge of CNFs as adsorb-
ent is separating them from aqueous solutions (Chaba
and Nomngongo 2018). This limitation can be overcome
by incorporating metal-based nanomaterials. In this
work, the excellent adsorption properties of CNFs, the
molecular sieve effects of ZnO nanoparticles, and high
adsorption capacity of MgO were combined to form
ZnO-MgO@CNF nanocomposite. The attractive feature
of ZnO-MgO@CNF nanocomposite lies in the charac-
teristics of CNFs as they are able to bond with various
metal oxides without their own extraction properties be-
ing jeopardized and instead become enhanced (Karimi et
al. 2015). Due to their high surface area per volume, they
can accommodate the metal oxide particles in larger
numbers and their unique morphologies enhance the ad-
sorption capacity (Kaerkitcha et al. 2016).
Therefore, in this work, a much cheaper, fast, and sim-

pler method utilizing a preconcentration procedure
based on ultrasound dispersive solid-phase microextrac-
tion (DSPME) for analysis CBZ in wastewater is used.
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The analyte was quantified using high-performance li-
quid chromatography coupled with diode array as a de-
tector (HPLC-DAD). The success of the UA-DSPME
method was by use ZnO-MgO@CNF nanocomposite as
an adsorbent. The influential experimental variables
such as the sample pH, eluent volume, mass of adsorb-
ent, and extraction time were investigated and optimized
using the response surface methodology based on cen-
tral composite design and desirability function.

Methods
Material and reagents
All chemicals were of analytical reagent grade unless
otherwise stated, and ultra-pure water (Direct-Q® 3UV-R
purifier system, Millipore, Merck) was used throughout
the study. Carbamazepine, carbon nanofibers, sodium
hydroxide methanol, Mg(NO3)2•6H2O, ethanol, Zn(AC)

2, and acetonitrile (HPLC, ≥ 99%) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Stock solutions of
carbamazepine (10 mg/mL) were prepared in ultra-pure
water. Working standards of 1000 ng/mL were prepared
daily by diluting appropriate volumes of the stock solu-
tion in ultra-pure water.
A 100 mg L−1 stock solution of CBZ was prepared by

dissolving appropriate amounts in small amounts of
methanol, diluted with ultra-pure water and stored at
4 °C. Working solutions (1 mg L−1) was used to prepare
calibration standards ranging from 50–6000 ng mL−1.

Instrumentation
An OHAUS starter 2100 pH meter (Pine Brook, NJ,
USA) was used for pH adjustments of the reagents and
to measure the pH of samples. The dispersion was car-
ried out using an ultrasound bath (Bandelin Sonorex
Digitec, Bandelin electronic GmbH & Co. KG, Berlin,
Germany). All the reactions were stirred using a Labcon
3075U hotplate and magnetic stirrer (Labdesign Engin-
eering, Maraisburg, RSA), and all the drying was done
using an oven (EcoTherm, Labotec, Midrand, Johannes-
burg, South Africa). The scanning electron microscopy
coupled with energy-dispersive X-ray spectroscopy
(SEM/EDS TESCAN VEGA 3 XMU, LMH instrument
(Czech Republic)) was used for morphological and elem-
ental characterization. The nanostructure and particle
size of the adsorbent were studied using transmission
electron microscopy (TEM, JEM-2100, JEOL, Tokyo,
Japan). The functional groups and structural properties
of the adsorbent were determined using PerkinElmer
spectrum 100 Fourier transform infrared spectrometer
(Waltham, MA, USA). The XRD measurements were
carried out using PANalyticalX’Pert X-ray Diffractometer
(PANalytical BV, Netherlands) using a Cu Kα radiation
(λ= 0.15406 nm) in the 2θ range 4–90 at room temperature.

Synthesis of ZnO-MgO@CNF nanocomposite
The synthesis of the nanocomposite was carried out ac-
cording to previous studies with some modification
(Aslani et al. 2011). To describe the method briefly, a
10-mmol solution of Zn(AC)2 was dissolved in 50mL of
methanol and added to a 10-mmol solution of Mg(NO3)
2•6H2O that was also dissolved in 50mL of methanol.
Then, 4 g of CNFs was added to the mixture. The mix-
ture was then sonicated for 15 min to disperse the CNFs
in the solution. Ten milliliters of sodium hydroxide solu-
tion (10 mol L−1) was then added to the above mixture
at room temperature under magnetic stirring. After 30
min of stirring, the mixture was transferred into Teflon-
lined stainless steel autoclaves, sealed, and maintained at
160 °C for 12 h. Subsequently, the reactor was cooled
down to room temperature. The resulting solid products
were centrifuged and subsequently washed with distilled
water and methanol to remove the ions possibly
remaining in the final products. The resultant product
was dried at 60 °C in an oven for 12 h followed by calcin-
ation at 500 °C for 2 h to ensure proper formation of
ZnO and MgO.

Chromatographic conditions
An Agilent 1200 Infinity series HPLC equipped with a
diode array detector (Agilent Technologies, Waldbronn,
Germany) was used to perform the analyses. The mobile
phase consisting of acetonitrile and ultra-pure water in
the ratio of 30:70 (v/v) was pumped through the column
(C18) at the flow rate of 1.0 mLmin−1 with an injection
volume of 10 μL. The column oven compartment was
maintained at 25 °C, and the detection was carried out at
a wavelength of 220 nm. Fresh working samples were
prepared for each day, and new calibration was con-
structed. The solutions were filtered through a phenom-
enex membrane of 0.45 mm pore size (25 mm filter) and
transferred to an auto-sampler vial for further analysis.
Calibration curves were constructed using peak area ver-
sus concentration of the standard solutions. The typical
chromatograms for the standard solution are shown in
Fig. 1 and the retention time of 9.2 min.

Sampling and sample collection
Influent (after sediment removal) and effluent wastewa-
ter samples were collected from Daspoort (Pretoria,
Gauteng, South Africa) wastewater treatment plant. All
the samples were collected in precleaned 500mL glass
bottles. The samples were then refrigerated at 4 °C. The
physicochemical parameters such as chemical oxygen
demand (COD), pH, turbidity, total dissolved solid
(TDS), total organic carbon (TOC), and conductivity
were investigated. The physicochemical measurements
for characterization of wastewater samples are presented
in Table 1.
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Ultrasound-assisted dispersive solid-phase
microextraction procedure
The extraction and preconcentration procedure based
on UA-DSPME was carried according to the previous
studies (Nyaba et al. 2016). About 20–60mg of ZnO-
MgO@CNF nanocomposite was first rinsed with 5 mL
methanol followed 5mL of ultra-pure water. The ad-
sorbent was then dispersed by ultrasonication into 10
mL aqueous sample solution containing 100 ng L−1 of
CBZ (sample pH 4–9) for 5–30 min to form a homoge-
neous suspension. The adsorbent and supernatant were
separated through centrifugation at 3600 rpm for 5 min
and the liquid was decanted. About 500–1000 μL of
acetonitrile (eluent) was added into the residual adsorb-
ent. The desorption of the analyte from the adsorbent
was achieved by ultrasonication for 5 min. Finally, the
eluent containing the analyte (supernatant) and the ad-
sorbent were separated by centrifugation for 5 min. The
supernatant was filtered into a HPLC vial followed by

HPLC for analysis. A flow diagram summarizing the ex-
traction and preconcentration processes is presented in
Fig. 2.

Results and discussion
Characterization
X-ray diffraction (XRD)
Figure 3 shows the XRD patterns of (a) CNFs, (b) ZnO,
(c) MgO-ZnO@CNF nanocomposite, and (d) MgO (their
characteristic peaks shown in Additional file 1). The
XRD pattern in Fig. 3 a shows the CNF spectrum with a
characteristic peak at 25.9o which was assigned to the
(002) plane of a CNF graphite structure. However, this
peak cannot be observed in Fig. 3 c which is the nano-
composite because of high crystallinity and reduced com-
position of CNFs. Figure 3 b represents the XRD pattern
of ZnO which is in full agreement with JCPDS 36-1451
(Dinesh et al. 2014), and the crystals correspond to the
hexagonal system with unit cell length as 3.2539 Å. The
crystallite sizes of the ZnO, MgO, and CNF products were
determined by using Debye Scherrer’s formula:

D ¼ k λ
β Cosθ

where, k = 0.9 is the shape factor, λ is the X-ray wave-
length of CuKα1 radiation, β is the full width at half
maximum (FWHM) of the peaks, and θ is the glancing
angle.

Fig. 1 Typical chromatograms for the CBZ calibration standards ranging from 5 to 6000 ngmL−1

Table 1 Physical-chemical parameters of influent and effluent
samples

Parameters Influent Effluent

pH 7.61 7.11

TDS (mg/L) 328 198

COD (mg O2/L) 177 17.5

BOD5 (mg O2/L) 123 0.15

Conductivity (μS/cm) 678 208

TOC (mg/L) 115 19.3
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Fig. 2 Flow diagram showing the extraction and preconcentration steps

Fig. 3 XRD pattern of a CNFs, b ZnO, c MgO-ZnO@CNFs, and d MgO
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The average crystallite sizes were found to be 36.3 nm
(ZnO), 26.9 nm (MgO), and 12.3 nm (CNFs). Figure 3 d
shows the oxide as magnesium oxide and magnesium hy-
droxide (Mg(OH)2). The peaks at 37.3° (111) and 74.9° (311)
were assigned to Mg(OH)2. This XRD is in total agreement
with JCPDS 89-7746 (Dhineshbabu et al. 2014), and the
crystals correspond to the cubic system with unit cell length
as 4.21 Å. The broad peaks resonating at (200), (220), and
(222) diffraction planes show the ultra-fine nature and the
tiny crystallite sizes and reveal the cubic phase of MgO
nanoparticles. Figure 3 c represents the MgO-ZnO@CNF
nanocomposites, and all the peaks visible in Fig. 3 a, b, and
d are seen in this figure. This indicates the successful incorp-
oration of MgO and ZnO on to the surface of CNFs.

Scanning electron microscopy (SEM) and energy-dispersive
spectroscopy (EDS)
The morphology of the carbon nanofibers is shown in
Fig. 4 a, and the SEM image illustrated that the CNFs

are typically cylindrical in shape but also consist of
bamboo-shaped nanofibers. The SEM images also sug-
gest that the length of the CNFs is up to several micro-
meters. Figure 4 b illustrates the porous structures of
MgO-ZnO nanocomposite that is also visible in Fig. 4 c
which represent the MgO-ZnO@CNF nanocomposite. It
can be seen from Fig. 3 c that the ZnO-MgO nanoparti-
cles were scattered onto the surface CNFs. This is also
supported by EDS in Fig. 4 d which shows the elemental
composition present, and their relative weight percent-
ages were 33.5%, 29.5%, 18%, and 15.6% O, Mg, C, and
Zn, respectively. These results further confirm the in-
corporation of ZnO-MgO on the surface of the CNFs.

Transmission electron microscopy (TEM)
The typical cylindrical and bamboo-shaped carbon nanofi-
bers as illustrated in Fig. 5 a. The TEM results are consist-
ent with the SEM results, and it can be observed that the
cylindrical hollow fibers have smooth outer walls that are

Fig. 4 SEM images of a CNFs, b MgO-ZnO, c MgO-ZnO@CNFs, and d EDX of MgO-ZnO@CNFs nanocomposite
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uniform and made of distinct sandwich of graphite layers.
These graphite layers are parallel with respect to the axes
of the fibers and display and almost defect-free material.
The bamboo-shaped fibers on the other hand display some
areas of defects and change in diameter in different areas.
This is because these types of fibers are composed of multi-
walled graphite structures (Kaerkitcha et al. 2016). Figure 5 b
shows how the ZnO-MgO nanoparticles were dispersed onto
the CNFs. This figure shows that the ZnO-MgO nanoparti-
cles were significantly larger than the CNFs in diameter. The
average particles size of the nanocomposite ranged from
56.3–108 nm. This is also in agreement with BET results that
show a significant increase in surface area.

Brunauer–Emmett–Teller (BET)
The BET surface area of CNFs was found to be 21.1m2 g−1

and that of MgO-ZnO@CNFs was found to be 121 m2 g−1,
which means that the incorporation of MgO-ZnO brought
more than 500% increase the surface area of CNFs, there-
fore providing more adsorption sites for the analyte. The
pore volume of CNFs was found to be 0.12 cm3 g−1 and
that of the MgO-ZnO@CNFs nanocomposite was found to
be 0.65 cm3 g−1 which is also a significant increase that al-
lows more particles of the analyte to be adsorbed on the
pores of the composite. The adsorption average pore diam-
eter of the nanocomposite was found to be 21.6 nm.

Fourier transform infrared spectroscopy (FTIR)
Fourier Transform infrared spectroscopy was used to in-
vestigate the structural propertied of the nanocomposite.
The bands that at 483 and 524 cm−1 correspond to the
absorption peaks of Zn–O bond and verify the presence
of ZnO, the same peaks can be observed on Fig. 6 c.
The characteristic peaks observed at 508 and 410 cm−1

correspond to the Mg–O bending vibrations present in
both Fig. 6 c and d. This confirms the presence of MgO
in the nanocomposite. The band at 3132, 3426, 3445,
and 3428 cm−1 arises from the stretching and bending of
the O–H group present in the moisture absorbed from

the atmosphere. The peaks at 1775 and 1448 cm−1 arise
from the stretching of C=C and C–C bonds, respect-
ively, which corresponds to CNFs. These peaks can be
observed in Fig. 5 d but with a slight shift to 1636 and
1410 cm−1, respectively. This shift towards higher wave-
numbers is due to the decrease in mass of CNFs in the
nanocomposite.

Optimization of separation and preconcentration method
Two-level fractional factorial design
In order to achieve optimum conditions, a two-level frac-
tional factorial design with 12 experiments was conducted
to investigate the effect of eluent volume (EV), extraction
time (ET) mass of adsorbent (MA), and pH on the recovery
(%R) of CBZ after adsorption as presented in Table 2. The
results in Table 2 were investigated statistically, and the ana-
lysis of variance (ANOVA) results was presented in the form
of Pareto chart (Fig. 7). As seen, sample pH and the mass of
adsorbent were significant at 95% confidence level. These
findings suggested that the mass of adsorbent (MA) and
sample pH require further optimization. Eluent volume was
as added as the third parameter because it was observed in
Table 2 that the increase of eluent volume increases the re-
sponse. In addition, it was observed that improved recover-
ies were observed at experiments 9–12 (central points). This
might be due to relatively high MA and EV as well as
slightly higher pH. This experiment area is in agreement
with the observation in Fig. 7 whereby pH values lower than
9 and higher masses will increase the response (%recovery).
Therefore, the central composite design should be used for
further optimization of the three factors.

Response surface methodology (RSM)
Response surface methodology (RSM) provides better
knowledge regarding the interactions between individual
variables. It also allows the achievement optimal condi-
tions for each investigated variable that will lead to the
attainment of the maximum analytical response
(Asfaram et al. 2015a). The three-dimensional response

Fig. 5 TEM images of a CNFs and b ZnO-MgO@CNFs taken at 500 nm
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surfaces showing the combined effects of two factors on
the analytical response at a constant and fixed level of
other variables (central point) are presented in Fig. 8. As
seen in Fig. 8 a and c, at MA values higher than 20 mg
the %R increased and the maximum analytical response
was obtained when sample pH was 6–7. Figure 8 b
shows the desorption of the CBZ analytes from the sur-
face of MgO-ZnO@CNF nanocomposite with respect to
the pH increased with increasing pH and eluent volume.
Figure 8 a and b indicate that at pH of between 6 and 7,
about 100% of CBZ is adsorbed and recovered. The %R
decreased as the pH is lower or higher than 6–7. This is
due to the protonation and deprotonation of surface

functional groups of CBZ as well as the MgO-
ZnO@CNF nanocomposite.
The optimization of the investigated parameters was

further investigated using the desirability function (Fig. 9)
. The lines observed in Fig. 9 demonstrate the ranges of
parameters with the exact values of each factor, and this
information was obtained from the RSM model
(Asfaram et al. 2015b). The variation of %R with respect
to the RSM model variables is described by the bottom
lines while the vertical lines demonstrate that sample
pH, the mass of adsorbent, and eluent volume were
optimum at 6.5, 74 mg, and 1170 μL, respectively. These
conditions led to a maximum of 102% with the desirabil-
ity of 1.00. The model was validated experimentally, and
the experimental value (N = 6) and the predicted value
of CBZ recovery were 99.7 ± 1.1% and 102%, respect-
ively, suggesting the validity and applicability of the
RSM model.

Analytical performance of the UA-DSPE/HPLC-DAD
method
Under optimum conditions, the analytical performance
of the proposed UA-DSPME/HPC-DAD method for pre-
concentration and determination of CBZ was evaluated.
Several parameters such as the linear range, precision
expressed as relative standard deviation (RSD), limit of de-
tection (LOD), limits of quantification (LOQ), and pre-
concentration factor were assessed and the results are
tabulated in Table 3. The LOD and LOQ were calculated
as three or ten times the standard deviation (n = 10) of the
lowest concentration of the calibration curve after precon-
centration. The UA-DSPME/HPC-DAD method was

Fig. 6 FTIR spectrum of ZnO (blue), MgO (Red), MgO-ZnO@CNFs (green), and CNFs (black)

Table 2 Optimization parameters and their corresponding
values for dispersive solid-phase microextraction of CBZ. C
central point or middle value

Experiment no. EV/uL MA/mg ET/min pH %R

1 500 20 5 4 22.2

2 1000 20 5 9 42.5

3 500 60 5 9 48.5

4 1000 60 5 4 57.9

5 500 20 30 9 29.2

6 1000 20 30 4 24.9

7 500 60 30 4 40.5

8 1000 60 30 9 86.2

9 (C) 750 40. 17.5 6.5 95.7

10 (C) 750 40 17.5 6.5 95.4

11 (C) 750 40 17.5 6.5 95.1

12 (C) 750 40 17.5 6.5 95.8
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found to have a linear dynamic range with a correlation
coefficient of 0.9922. The repeatability was evaluated for
ten independent measurements for 100 ngmL−1 CBZ
concentration performed the same way in 1 day, and the
reproducibility was for five working days. As seen, the
relative standard deviations (%RSD) were less than 5% and
this implied that the method had good precision. Finally,

the preconcentration factor (PF) was calculated as the ra-
tio of the slopes after and before preconcentration.

Validation and application
The accuracy of the UA-DSPME/HPLC-DAD procedure
was evaluated using a wastewater sample spiked and
unspiked from Daspoort (Pretoria, Gauteng, South Africa)

Fig. 7 Pareto chart of standardized effects for variables in the preconcentration of CBZ

Fig. 8 Response surface and contour plots of the combined effects of a mass of adsorbent and pH, b eluent volume and pH, and c eluent
volume and mass of adsorbent
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wastewater treatment plant. The water samples were
spiked with two different concentrations as shown in
Table 4. As seen, the recoveries were between 97.8% and
102% with %RSD less than 5%. These results suggested
that CBZ can be quantitatively recovered from the real
samples using the developed method. In addition, the re-
sults show the ability of UA-DSPME/HPLC-DAD method
to extract, preconcentrate, and determine the amount of
CBZ in real wastewater samples.

Conclusion
An efficient ultrasound-assisted dispersive solid-phase
microextraction was developed as sample pretreatment
method for extraction and preconcentration of carba-
mazepine in wastewater samples prior to analysis by

HPLC-DAD. The optimum conditions for extraction
and preconcentration of CBZ from wastewater samples
were obtained using a response surface methodology
based on central composite experimental design. The
analytical results obtained demonstrated that the MgO-
ZnO@CNF nanocomposite as an adsorbent was suitable
for extraction CBZ. Attractive features of the method in-
cluded low LOD, relatively short analysis, low consump-
tion of sample and adsorbent, reasonably high
preconcentration factor, wide linear dynamic range, and
excellent recoveries with high accuracy and precision.
In addition, the ZnO-MgO@CNF nanocomposite dis-

played intriguing properties because it combined the
best features of each component in the composite and
can be a great turning point in water treatment as it can
also be used for water purification.

Fig. 9 Profiles for experimental and predicated values and desirability function for the recovery of CBZ

Table 3 Analytical figures of merit of the applied UA-DSPME/
HPLC-DAD method for preconcentration of CBZ

Analytical figures of merit Values

Regression equation before preconcentration y = 0.073x + 6.7261

Regression equation after preconcentration y = 35.735x + 12.972

Linear range (ng mL−1) 0.1–800

Limit of detection (LOD) (ng mL−1) 0.08

Limit of quantification (LOQ) (ngmL−1) 0.29

Repeatability (RSD, %) (N = 10) 1.4

Reproducibility (RSD, %) (N = 5) 4.2

Preconcentration factor (PF) 490

Table 4 Recoveries of CBZ from wastewater samples spiked at
two levels (100 ng mL−1 and 500 ng mL−1) using the proposed
UA-DSPME/HPLC-DAD method, n = 3

Sample Added (ngmL−1) Found (ngmL−1) Recovery

Effluent 1 0 574 ± 8 –

100 674 99.7

500 1083 ± 15 102

Influent 1 0 836 ± 8

100 934 ± 12 97.8

500 1430 ± 18 99.1
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