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This study aimed to preconcentration of sulfamethoxazole (SMX) in water and
biological samples. Ultrasound-assisted dispersive liquid-liquid microextraction
(UA-DLLME) and ultrasound-assisted dispersive solid-phase microextraction (UA-
DSPME) methods paired with spectrophotometry were applied to extraction and
preconcentration of SMX. ZnFe2O4 nanoparticles were prepared as adsorbent in
UA-DSPME method by hydrothermal method. The scanning electron microscopy
(SEM) technique showed that the adsorbent had symmetrical, bullet-shaped
particles with uniform size. The results of the X-ray diffraction (XRD) showed
the successful synthesis of the ZnFe2O4 nanoparticles. Effective parameters in
extraction, including ultrasonication time, disperser solvent volume, adsorbent
amount, extraction solvent volume, eluent volume, and pH were investigated and
optimized. The practical and optimal conditions of the process were determined
by the central composite design (CCD). The optimal conditions were 0.024 g of
adsorbent, 535 µL of disperser solvent volume, 7.5 min of ultrasonication time,
235 µL of eluent volume, pH of 5, and 185 µL of extraction solvent volume. Linear
ranges and detection limits were 20–1,200 μg L−1 and 6 μg L−1 for UA-DSPME and
10–800 μg L−1 and 3 μg L−1 for UA-DLLME. Relative standard deviation (RSD) of
less than 4% were obtained for UA-DSPME and UA-DLLME methods. The
reusability showed that the ZnFe2O4 adsorbent could extract SMX up to five
cycles of adsorption/desorption without significant reduction in its efficiency.
Also, interference studies showed that the presence of different cations and
anions did not significantly interfere in the extraction of SMX. The outcomes of
real-time samples analysis showed that the extraction of SMX for both methods
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was in the range of 92.44%–99.12%. The results showed the developed methods
are simple, sensitive, and suitable for SMX preconcentration in environmental water
and biological samples.

KEYWORDS

dispersive liquid-liquid microextraction, dispersive solid-phase microextraction, response
surface methodology, sulfamethoxazole, ultrasonic-assisted extraction (UAE)

1 Introduction

The usage of medicinal products by humans for treating
different types of infections and curing internal body issues
has been growing tremendously (Li et al., 2020a; Tong et al.,
2020; Krasucka et al., 2021; Yang et al., 2022). Nowadays, the
presence of pharmaceutical contaminants in environmental
water samples has become a global concern. The antibiotics
enter the water through various pathways, such as human
excrement, additional antibiotics discharge, and livestock and
poultry treatment (Rowland et al., 2016; Kayode et al., 2021;
Arabkhani and Asfaram, 2022; De Gauquier et al., 2022). Because
small amounts of antibiotics are adsorbed into the body, a
significant portion of them are excreted in the urine and enter
the water environment through wastewater (Zahra et al., 2021;
Imwene et al., 2022; Nemati et al., 2022).

Sulfonamides are highly effective antibiotics widely used in
pharmacy due to their antibacterial and antiparasitic properties
(Gomes et al., 2020). Sulfamethoxazole (SMX) is a sulfonamide
antibiotic used to treat gastrointestinal infections, urinary tract
infections, and respiratory infections. Consumption of SMX has
side effects such as nausea, loss of appetite, vomiting, and itchy skin
(Bhuvaneswari et al., 2021). Also, this antibiotic enters the water
environment through the excreta and toilet wastewater. This
antibiotic enters the human body through consumption of
aquatic animals and contaminated water. Hence, this medicine
enters a healthy human body and shows cause many side effects
(Xiong et al., 2014; Ngqwala and Muchesa, 2020).

Therefore, it is essential to detect the pollutants in water and
wastewater using an inexpensive, high-performance, and reliable
system (Qu et al., 2013). Consequently, various methods such as
densitometry, high-performance liquid chromatography (HPLC),
colorimetry, thin-layer chromatography (TLC), spectrophotometry,
and mass spectrometry (MS) have been applied to quantify
antibiotics in waterbodies (Choi et al., 2015; Mondal et al., 2019;
Taghizadeh et al., 2022; Khoubnasabjafari et al., 2023).

This study is aimed to meet two goals, namely, extraction steps
on samples preconcentration and removal of interfering substances
in the samples. In order to determination of antibiotics, the steps of
preconcentration and extraction on wastewater samples should be
analyzed (Ozdemir et al., 2020). This is because, the concentration of
antibiotics excreted in wastewater is low. Also, the wastewater
environment is one of the most complex water environments in
terms of organic compounds. The improvement of extraction
methods led to the emergence of new techniques, such as
dispersive solid-phase microextraction (DSPME) and dispersive
liquid-liquid microextraction (DLLME) (Mohebbi et al., 2022).

In the DLLMEmethod, a water-insoluble solvent is injected with
high pressure (as an extractor) through a syringe into the aqueous

medium containing the sample, which turns into tiny droplets. This
operation extracts the analyte from the aqueous solution and
transfers it to the organic solution. In the DSPME method, the
species are preconcentrated by adsorption on the adsorbent
substrate by physical or chemical interactions. Solid-phase
extraction is widely used to remove or preconcentration analytes
from aqueous solutions. The advantages of DLLME and DSPME
methods include the simplicity and availability of equipment, ease of
the method, low cost, and low solvent consumption (Pérez-
Rodríguez et al., 2018; Shojaei et al., 2021a; Nemati et al., 2022).

Nanoparticles play a significant role in water treatment
(Nandhini et al., 2019; Zhang et al., 2020). The use of
nanoparticles as adsorbents and catalysts involves numerous
advantages. The key benefits of using nanoparticles in pollutant
removal include: I) High efficiency: Thanks to their large surface
area and nanoscale structure, nanoparticles possess a higher
capability for adsorbing pollutants than other adsorbents. This
high efficiency leads to more effective removal and a further
reduction in pollutant quantities. II) Enhanced removal rate:
Because of their nanoscale structure and large surface area,
nanoparticles have a faster interaction and binding capacity with
pollutants. This feature leads to an increased removal rate and
improved speed of water treatment processes. III) Versatility:
Nanoparticles can serve as adsorbents, catalysts, or oxidizing
agents in water treatment processes. This versatility simplifies
treatment procedures and reduces the number of required stages.
IV) Reduced energy and chemical consumption: Nanoparticles can
decrease energy and chemical consumption in water treatment
processes, leading to cost savings and environmental protection.
V) Stability and recyclability: Some nanoparticles can remain stable
in water treatment processes and can be reused. This characteristic
allows for reducing waste generation and promotes sustainability.
Considering these advantages, using nanoparticles as adsorbent for
pollutant removal in water treatment processes is of great interest
(Kovo et al., 2023; Onu et al., 2023; Yahyaeian et al., 2023; Uko et al.,
2022; Naseem and Durrani, 2021; Jamkhande et al., 2019).

Zinc ferrite (ZnFe2O4) is a group of magnetic materials of which
iron oxide is a significant component. ZnFe2O4 could be used in
wastewater treatment processes, and a magnet easily separates them
after the process, and they could be used again (Rajini and
Ferdinand, 2022). ZnFe2O4 has many applications in wastewater
treatment owing to its non-toxicity, low cost, ability to absorb visible
light, high phase resistance, and insoluble (Wu et al., 2019).

Li et al. (2020a) applied reduced graphene oxide/ZnFe2O4 (rGO/
ZnFe2O4) composite in the solid-phase extraction (SPE) method to
extract estrogens from soil, water, and fish samples. They observed a
good linear range (0.05–500 ng mL-1) with the coefficient of
determination (R2) between 0.9978 and 0.9993. They also
obtained limits of detection and limits of quantification at
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0.01–0.02 ng mL-1 and 0.05 ng mL-1, respectively. They obtained
acceptable results in the extraction of the estrogens in complex
samples (Li et al., 2020b).

Also, Chen et al. (2019) used ZnFe2O4 magnetic nanotubes
(ZFONTs) as adsorbents for preconcentration of Pd (II), Au
(III), and Pt (IV). According to the results, the analytes could
be quantitatively absorbed by ZFONT in the pH range of
1.0–5.0. They obtained the detection limits of 0.17 pg mL-1,
0.35 pg mL-1, and 0.64 pg mL-1 for Pd, Au, and Pt, respectively.
Moreover, they applied the developed method to determination
of Pd, Au, and Pt in environmental and biological samples, and
good results were obtained (Chen et al., 2019).

There are various methods, such as enzymatic extraction,
soxhlet extraction, and ultrasonic-assisted extraction (UAE) to
reduce extraction time and increase extraction performance,
among which the UAE method is simple and effective (Roosta
et al., 2015; Molino et al., 2020; Uwineza andWaśkiewicz, 2020). The
increase in the extraction efficiency is attributed to the acoustic
vibration created by passage of ultrasonic waves. The steps of the
ultrasonic extraction process include the swelling of the tissue to
adsorb the eluent, the exit of the samples from the tissue to the eluent
by creating porosity and penetration into the cell wall (Xing et al.,
2022).

The UAE method involves numerous advantages in water
treatment (Kalra et al., 2021). Some of these advantages include:
I) Reduction in chemical consumption: Using ultrasonic reduces the
need for chemical disinfectants. II) Removal of small particles:
Ultrasonic waves can remove small suspended particles in water,
including suspended solids, microorganisms, and even viruses. III)
Reduction in treatment time: Ultrasonics can decrease the required
time for water treatment, thereby increasing the speed of water
purification. IV) Reduction in sediment formation: Ultrasonic waves
can reduce sediment formation in water treatment systems,
decreasing the need for system cleaning and maintenance. V) No
reliance on active chemical products: In specific water treatment
processes (e.g., oxidation and elimination of organic matter),
ultrasonic can be a suitable alternative to active chemical
products. This advantage contributes to reducing environmental
hazards and improving water quality. VI) Applicability in closed
systems: The ultrasonic method can be employed in closed water
treatment systems. Therefore, it can be applied to smaller locations
and limited-space applications (e.g., households and compact
settings). Considering these advantages, the UAE method is
regarded as an advanced and effective technique in water
treatment (Ahmad et al., 2022; Purabadeh et al., 2022).

Since the wastewater environment and the variety of pollutants
in it are very complex, especially in hospital wastewater, their
extraction, separation, and measurement require special skills and
accuracy. Hence, to ensure the presence of this antibiotic in hospital
wastewater, it is necessary to have an accurate and simple method to
monitor and determination of SMX in hospital wastewater. In this
study, SMX antibiotic is extracted from hospital water and
wastewater samples by DLLME and DSPME methods. Then an
accurate method with minimal complexity was identified and
applied to determination of SMX in wastewater. Also, the
optimization of the effect of parameters (pH of solution,
extraction solvent volume, disperser solvent volume,
ultrasonication time, adsorbent amount, and eluent volume) on
SMX extraction efficiency was performed by RSMwith CCDmatrix.

2 Materials and methods

2.1 Chemicals and instrumentation

All the required materials, such as chloroform (≥99.0%), acetone
(≥99.8%), carbon disulfide (≥99.90%), hydrochloric acid (≥37%),
ethanol (≥99.9%), sodium hydroxide (≥97%), acetonitrile (≥99.9%),
and methanol (≥99.9%) were purchased from Merck Company and
sulfamethoxazole (≥98.0%), from Sigma-Aldrich. To adjust pH,
solutions like HCl (0.1 M) and NaOH (0.1 M) were used. Also,
the standard SMX solution with concentration of 100 mg L-1 was
used to prepare working solutions for experiments. The chemical
structure of SMX (Molecular weight: 253.3 g mol−1 and molecular
formula: C10H11N3O3S) is shown in Figure 1. A UV-Vis
spectrophotometer (Shimadzu UV-1900, Japan) was used to
measure the concentration of SMX, and at each stage,
spectroscopy was performed in the wavelength range of
200–400 nm. An ultrasonic device (LK-D31-1, China) was used
for ultrasound-assisted extraction. Scanning electron microscope
(SEM; KYKY-EM3200, China) and X-ray diffraction (XRD; Philips
X’Pert Pro MPD, Netherlands) evaluated the adsorbent structure.
The experiments were carried out at the Islamic University, Iraq.

2.2 Synthesis of ZnFe2O4 adsorbent

ZnFe2O4 adsorbent were synthesized by the hydrothermal
method.

For this purpose, 1,000 mL of solution was prepared by
dissolving Zn(NO3)2.6H2O and FeSO4.7H2O with a molar ratio
of 1/2 (Zn/Fe) in double distilled water. The pH of the solution was
adjusted to 9 by HNO3 (0.1 N) and NaOH (0.1 N) solutions. The
synthesis was continued at 80°C for 40 min under continuous air
purification (flow rate = 4 L min-1). The prepared adsorbent was
separated using a magnet and washed with double distilled water
until the pH of the solution reached 7. Then the ZnFe2O4 adsorbent
was dried in an oven at 60°C for 24 h and kept for further
investigation. The formation equation of ZnFe2O4 nanoparticles
can be expressed as Eq. (1).

Zn2++2Fe2++6OH−+1/2O2 → ZnFe2O4+3H2O (1)

FIGURE 1
Chemical structures of SMX.
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2.3 Ultrasound-assisted dispersive liquid-
liquid microextraction (UA-DLLME)

Initially, 10 mL of SMX solution with a concentration of
250 μg L-1 was transferred to a conical bottom test tube, and its
pH was adjusted to 5. Then, 185 µL of chloroform and 535 µL of
acetonitrile were injected into the aqueous solution using a glass
syringe. At this stage, the test tube was placed in an ultrasonic bath
for 7.5 min. The mixture was centrifuged at 5,500 rpm for 5 min.
After centrifuging, solvent droplets containing the analyte were
deposited in the tube. The precipitated phase was isolated
entirely and in order to analyze the SMX value, it was
transferred to a spectrometer, and measurements were made at
260 nm. The extraction recovery (ER) and the enrichment factor
(EF) were calculated by Eqs 2, 3, respectively.

ER � CsedpVsed

C0 p Vaq
× 100% � EF ×

Vsed

Vaq
( ) × 100% (2)

EF � Csed

C0
(3)

where C0 is the concentration of SMX in the aqueous solution.
Csed is the concentration of SMX in the organic solution. Vaq is the
volume of the aqueous solution. Vsed is the volume of the organic
solution (Cruz-Vera et al., 2009; Nemati et al., 2023). A schematic of
the UA-DLLME method is shown in Figure 2.

2.4 Ultrasound-assisted dispersive solid-
phase microextraction (UA-DSPME)

In order to preconcentration and extraction SMX from aqueous
solutions, DSPME in optimal conditions was used. For this reason,
10 mLof SMX (concentration 250 μg L-1) was prepared at pHof 5. Then,
0.024 g of ZnFe2O4 nanoparticles were added to it. The dispersion was
performed through an ultrasonic bath for 7.5 min and centrifuged at
5,500 rpm for 5 min. Then, the adsorbent was separated from the liquid
phase using a magnet and washed with 235 µL of methanol. Finally, the
solvent was transferred to the cell spectrometer, and SMX was
determined by UV-Vis spectrophotometry. A schematic of the UA-
DSPME method is shown in Figure 3.

2.5 Central composite design

The RSM is a method based on statistical and mathematical
techniques that can be used to examine the relationships between
variables and responses and analyze interaction effects (Xu et al.,
2021). In addition, the RSM provides a mathematical model for
the researcher to study the effects of independent variables (Tao
et al., 2022). The central composite design (CCD) framework is
used to design of matrix. This approach optimizes the number of
experiments as well as provides a platform to statistically validate
the range of independent process variables. This statistical design
also provides a data-driven model based on the analysis of
variance (ANOVA) method. The identified model can be a
linear or quadratic or cubic regression model, which will be
determined based on the interaction between the variables and
their statistical significance. In many studies performed by RSM,
the quadratic regression model was the most significant
multivariate model (Shojaei et al., 2021b; Boublia et al., 2023).
The multivariate model, which involves linear and non-linear
terms, is given in Eq. (4).

Y � β0 +∑k

i
βixi +∑k

i
βiix

2
i +∑k

i< j∑k

j
βijxixj + e (4)

This equation includes linear sentences (xi), interactions (xixj),
and quadratic variables (xi

2). Y is the extraction recovery and e is the
random error. The coefficients β0, βi, βij, and βii also show the
constant term, the linear, quadratic, and interactive coefficients,
respectively (Pourabadeh et al., 2020).

CCD is a typical RSM experimental design framework. Each
factor in CCD is examined at five levels (−α, −1, 0, +1, +α) and
includes axial points, factorial points, and center points. Factorial
points are named high and low levels and are marked with
+1 codes for high and −1 for low levels. Axial points are at a
distance from the center. Also, there is more than one central
point for estimating experimental error and determining data
reproducibility. This study evaluated the effect of parameters to
investigate the increase in SMX extraction and process
optimization at five levels and six replications at the central
points of the design. Design-expert software v10 (trail) was
used to design experiments and data processing. Table 1
shows the independent variables and their values.

FIGURE 2
Schematic diagram of the UA-DLLME procedure.
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2.6 Real-time samples

SMX drug was measured to evaluate the UA-DLLME and UA-
DSPME methods in studying real-time samples with different
matrices of tap water, wastewater of hospital, and urine. For this
reason, certain amounts of drugs to the samples were added, and the
extraction was performed according to the proposed methods in
optimal conditions. The results were reported for three replications.
In order to evaluate urine samples from five healthy men
(25–30 years old) with consent, urine samples were collected
without medication and stored at −10°C. Urine samples were
diluted to reduce the effect of matrix (5 mL of double distilled
water was added to 5 mL of urine). Further, several compounds at
lower pH may become insoluble for extraction from hospital
wastewater and urine samples. As a result, it is necessary to
separate the sediments from the solution using a centrifuge
before adding the drug. For this reason, the hospital wastewater
and urine samples were centrifuged (3,500 rpm) for 10 min.

3 Results

3.1 Characterization of adsorbent

SEMandX-ray diffractionwere applied to evaluate the structure and
size of synthesized ZnFe2O4 nanoparticles. An SEM image (see Figure 4)
was taken to study the surface structure and size of ZnFe2O4

nanoparticles. As shown in Figure 4A, ZnFe2O4 nanoparticles are
seen as granular and separate structures, and their size is less than
100 nm. The peak position and relative intensity observed in the XRD
pattern of ZnFe2O4 nanoparticles are shown in Figure 4B. The XRD

pattern of the ZnFe2O4 adsorbent corresponded to the standard card
(JCPDS 22–1,012) related to the ferrite. The plates 220, 311, 400, 422,
511, and 440 in the diffraction pattern show the reason for the formation
of spinel cubic phase with the space group Fd-3m (Navgare et al., 2020).
In this study, the absence of additional plates indicated the formation of a
pure phase of the zinc ferrite nanostructure. The crystal sizes of the
ZnFe2O4 nanoparticles were calculated using Debye–Scherrer equation
[Eq. (5)].

D � Kλ

βCos θ
(5)

In this equation, θ (degree), D (nm), λ (nm), K, and β (radians)
are the Bragg’s angle, the crystal size, the X-ray wavelength, the
shape factor, and full width at half maximum (FWHM) respectively
(Egbosiuba et al., 2021). The crystal size of the nanostructures was
determined by the Debye–Scherrer equation and found to be 15 nm.
The surface area is an important parameter in determining the
morphology of the absorbent. The higher the surface area of the
ZnFe2O4 adsorbent, the more active surfaces are available for the
adsorption of pollutants on the adsorbent. Therefore, BET analysis
of ZnFe2O4 nanoparticles was performed. The total pore volume, the
surface area, and the mean pore diameter was 0.16 cm3 g−1,
80.06 m2 g−1, and 9.7 nm, respectively.

3.2 Data analysis and selection of
appropriate model by response surface
methodology

Relevant tests were performed according to the points
defined in the RSM scheme. The results of SMX extraction

FIGURE 3
Schematic diagram of the UA-DSPME procedure.
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efficiency tests are presented in Table 2. In the next step, the
response surface methodology analyzed the data from different
tests. Also, the regression coefficients were estimated, and the
ANOVA Table was obtained for each of the answers shown in
Table 3.

ANOVA is a technique used to assess the significance of
differences between groups or treatments in a study. In the
context of the provided information, ANOVA can be applied
to evaluate the relationship between variables and a response
(Promoppatum and Yao, 2020). The coefficient of determination
(R2) expresses the proportion of total changes in responses that
can be determined by the variables. For the UA-DLLME method,
R2 was calculated to be 0.9977, indicating that 99.77% of the
changes in the response can be determined by the variables. In the
UA-DSPME method, the R2 value was even higher at 0.9998,
suggesting that the variables explain 99.98% of the response
variation. The adjusted coefficient of determination (R2-adj)
considers the number of parameters in the design. The R2-adj
for the UA-DLLME method was reported as 0.9956, which
considers the complexity of the model. The R2-adj for the UA-
DSPME method was 0.9997, reflecting its high explanatory
power. To evaluate the model fit, the lack-of-fit test was
conducted. The lack-of-fit test examines whether the model

successfully represents the data at points outside the
regression model’s domain. It is used to detect any
shortcomings in the model’s fit. The article mentions the lack-
of-fit test as a means of identifying areas where the model fails to
capture the data accurately (Almeida et al., 2017; Bhowmik et al.,
2018). Regarding precision, adequacy precision values were
provided for each method. The UA-DLLME method achieved
an Adeq-precision of 66.66, while the UA-DSPME method had a
value of 318.75. Higher Adeq-precision values indicate better
reliability of the regression models. Therefore, the results showed
that the model significantly predicts the extraction under
different variable conditions. The quadratic model was
performed on the test data, and Eqs 6, 7 were obtained as
encoded representations for the predicted extraction recovery
of UA-DLLME and UA-DSPME methods, respectively.

%ER UA − DLLME( ) � +92.41 + 2.02*A + 8.55*B − 9.48*C

+ 2.36*D − 0.27*AB − 0.17*AC

+ 0.44*AD + 0.28*BC − 0.42*BD

− 0.08*CD − 7.68*A2−4.22*B2−3.85*C2

−4.14*D2

(6)

FIGURE 4
(A) SEM and (B) XRD patterns of ZnFe2O4 nanoparticles.

TABLE 1 Range and coded values of design of experimental matrix for extraction.

Variables Unit Symbols Level of variables

-α −1 0 +1 +α

Disperser solvent volumea µL A 100 250 400 550 700

Extraction solvent volumea µL B 50 100 150 200 250

Adsorbent amountb g A 0.010 0.015 0.020 0.025 0.030

Eluent volumeb µL B 100 150 200 250 300

pH of solution --- C 3 5 7 9 11

Ultrasonication time min D 2 4 6 8 10

aUA-DLLME.
bUA-DSPME.
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%ER UA − DSPME( ) � +71.15 + 10.41*A + 9.60*B − 9.17*C

+ 7.63*D − 0.37*AB − 0.17*AC

+ 0.17*AD − 0.14*BC − 0.20*BD

+ 0.09*CD − 2.29*A2−7.15*B2−3.77*C2

−2.29*D2

(7)

The experimental data versus predicted data plots and the
normal plot of residuals demonstrate good agreement and
normal distribution of the data (Figure 5). To assess the normal
distribution of residuals, Figures 5A, B have been utilized. These
plots show how well the predicted values align with the actual
experimental data, indicating the model’s accuracy. The normal
probability graphs in Figures 5C, D are used to check the normality

TABLE 2 Experimental matrix of variables (coded) with their corresponding extraction recoveries.

Variables % recoveries % recoveries

(UA-DLLME) (UA-DSPME)

Run A B C D Observed Predicted Observed Predicted

1 0 0 0 0 93.43 92.41 71.18 71.15

2 1 1 1 1 75.08 75.77 73.36 73.48

3 2 0 0 0 66.36 65.74 82.95 82.78

4 0 0 0 0 91.05 92.41 71.47 71.15

5 1 −1 −1 −1 72.35 72.87 57.83 58.10

6 0 2 0 0 91.79 92.61 61.91 61.73

7 −1 −1 1 −1 50.20 49.84 18.37 18.64

8 0 0 0 0 91.89 92.41 70.80 71.15

9 −1 −1 −1 −1 69.49 68.85 36.52 36.54

10 1 1 −1 −1 90.70 89.71 77.39 77.24

11 1 1 −1 1 94.39 94.66 92.20 92.26

12 1 −1 1 1 58.86 59.47 55.73 55.72

13 1 −1 −1 1 79.75 79.49 73.61 73.93

14 1 −1 1 −1 52.68 53.19 39.65 39.53

15 0 0 −2 0 94.89 95.97 74.72 74.39

16 −1 1 −1 −1 87.46 86.75 56.83 57.16

17 −1 −1 1 1 53.30 54.34 33.87 34.16

18 0 0 0 2 81.27 80.57 77.59 77.26

19 −1 1 1 1 72.31 71.70 53.34 53.40

20 1 1 1 −1 71.33 71.16 57.79 58.10

21 0 −2 0 0 59.18 58.41 23.64 23.35

22 −1 −1 −1 1 73.62 73.69 51.69 51.70

23 0 0 0 0 92.36 92.41 71.10 71.15

24 −2 0 0 0 56.99 57.65 41.45 41.15

25 0 0 0 0 93.11 92.41 70.87 71.15

26 0 0 0 0 92.60 92.41 71.45 71.15

27 0 0 0 −2 70.38 71.12 46.86 46.72

28 −1 1 1 −1 68.56 68.87 38.88 38.70

29 0 0 2 0 59.09 58.06 37.85 37.71

30 −1 1 −1 1 90.39 89.92 71.24 71.51
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of the data. The closeness of the data to the straight line in these
graphs showed a normal distribution for errors with zero mean and
constant variance.

3.3 Selection of types of disperser solvent
and extraction solvent

In the UA-DLLME process, the extraction solvent was selected from
solvents that were insoluble inwater and had a higher density thanwater.
Also, they could extract the desired compound. In this regard, carbon
tetrachloride (CCl4), carbon disulfide (CS2), and chloroform (CHCl3)
were tested as extraction solvents. Based on the results, a clear cloud
solution was not obtained using CS2 and CCl4 as extraction solvent. It
indicates that these solvents cannot disperse appropriately in the aqueous
phase andmay not have a good extraction ability. However, with CHCl3,
high extraction efficiencies were obtained for SMX. Therefore, CHCl3
was selected as the optimal extraction solvent in later stages.

For the sample preparation process in the UA-DLLME method,
it should be noted that the type of disperser solvent is important for
the preconcentration of the material. The basis for selecting the

disperser solvent is its solubility in the organic phase and the
aqueous phase. For this purpose, acetonitrile (ACN), methanol
(ME), acetone (AC), and ethanol (ET) were selected as disperser
solvents because of their chemical and physical properties.
According to the results, the highest recovery rate was achieved
while using acetonitrile as a disperser solvent. So, acetonitrile was
selected as disperser solvent for further experiment analysis.

The eluent solvent plays an important role in the UA-DSPME
method because the efficiency is affected by the proper dispersion
of the ZnFe2O4 adsorbent in the solution. Various solvents such
as ACN, ME, ET, and AC were tested. The results (Figure 6) show
that methanol as an eluent increases extraction and adsorption
efficiency. So, methanol was selected as the eluent in the UA-
DSPME method.

3.4 Centrifuge speed effect

In order to accelerate the process in this study, centrifugation is
used. Also, centrifugation is essential as the precipitating force of the
extracting solvent containing the analyte. Hence, the effect of

TABLE 3 ANOVA of the quadratic model to UA-DLLME and UA-DSPME.

Source DF UA-DLLME UA-DSPME

Sum of squares Mean square F-value p-value Sum of squares Mean square F-value p-value

Model 14 6,363.99 454.57 474.65 <0.0001 9890.07 706.43 6,622.09 <0.0001

A 1 98.21 98.21 102.55 <0.0001 2600.42 2600.42 24,376.25 <0.0001

B 1 1754.29 1754.29 1831.78 <0.0001 2209.92 2209.92 20,715.74 <0.0001

C 1 2155.18 2155.18 2250.38 <0.0001 2017.77 2017.77 18,914.50 <0.0001

D 1 134.00 134.00 139.92 <0.0001 1,399.04 1,399.04 13,114.54 <0.0001

AB 1 1.13 1.13 1.18 0.2947 2.19 2.19 20.53 0.0004

AC 1 0.44 0.44 0.46 0.5087 0.45 0.45 4.21 0.0581

AD 1 3.16 3.16 3.30 0.0894 0.46 0.46 4.27 0.0565

BC 1 1.27 1.27 1.33 0.2673 0.32 0.32 2.99 0.1042

BD 1 2.80 2.80 2.92 0.1080 0.67 0.67 6.30 0.0240

CD 1 0.12 0.12 0.12 0.7312 0.13 0.13 1.21 0.2877

A2 1 1,616.53 1,616.53 1,687.93 <0.0001 144.47 144.47 1,354.23 <0.0001

B2 1 489.50 489.50 511.12 <0.0001 1,402.71 1,402.71 13,148.94 <0.0001

C2 1 406.19 406.19 424.13 <0.0001 390.62 390.62 3,661.62 <0.0001

D2 1 470.00 470.00 490.76 <0.0001 143.68 143.68 1,346.86 <0.0001

Residual 15 14.37 0.96 1.60 0.11

Lack of Fit 10 10.68 1.07 1.45 0.3583 1.20 0.12 1.52 0.3374

Pure Error 5 3.69 0.74 0.40 0.079

Cor Total 29 6,378.36 9891.67

R2 0.9977 0.9998

R2-Adjusted 0.9956 0.9997

Adeq-precision 66.66 318.75
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centrifuge speed in the range of 1,000–4000 rpm was investigated.
According to Figure 7, the extraction efficiency of SMX increases
with increasing centrifuge speed and remains constant at 3,500 rpm
for UA-DLLME and UA-DSPME. The low extraction efficiency at
low velocities occurs because the phase separation in the UA-
DLLME method and the adsorbent settling in the UA-DSPME
method are not entirely done. Therefore, 3,500 rpm was chosen
as the optimal centrifuge speed to complete the separation of phases.

3.5 pHpzc determination of ZnFe2O4
nanoparticles

The point of zero charges (pHpzc) of the ZnFe2O4 adsorbent was
determined by charging 9 Erlenmeyer flasks (100 mL) with 50 mL of
0.01 M NaCl solution. In this process, their initial pH was adjusted
to 2–10 using 0.1 M NaOH and 0.1 M HCl solutions. Then, 0.1 g of

adsorbent was weighed and added to each Erlenmeyer. The mixture
was stirred on a shaker at 100 rpm at 25°C for 24 h. Afterward, the
pHf of the solutions was determined with a pHmeter. The difference
between the pHf and the pHi (ΔpH = pHf-pHi) was plotted versus
the pHi. The point where the graph intersected the X-axis was
reported as the pHpzc. This point shows where the sum of the
negative surface charge balances the sum of the positive surface
charge. This value for the synthetic adsorbent was about 6.1
(Figure 8). Therefore, at pH < 6.1 and pH > 6.1, the ZnFe2O4

adsorbent surface has a positive charge and a negative charge,
respectively.

3.6 Reusability studies

The reusability of ZnFe2O4 nanoparticles is an important
aspect of operational and environmental objectives. The ability

FIGURE 5
Actual data versus predicted data for (A) UA-DLLME and (B) UA-DSPME; Normal plot of residuals for (C) UA-DLLME and (D) UA-DSPME.
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to reuse and regenerate the adsorbent is critical for economic
feasibility. The reversible adsorption process allows for
adsorbent regeneration. To study the reusability, the
adsorbent was placed in 5 mL of methanol for 5 min after
each extraction. After the desired time, the mixture was
centrifuged (3,500 rpm) for 5 min. After that, the ZnFe2O4

nanoparticles was separated from the solution using a magnet
and washed with double distilled water. The ZnFe2O4

nanoparticles was dried in an oven (90°C) for 1 h. The
reusability experiments of ZnFe2O4 nanoparticles in this study
showed that the adsorbent can be effectively used several times
for the extraction of SMX (Figure 9).

3.7 Interference effect of other ions

Many cations and anions with different concentrations in
natural water samples can affect the extraction of the pollutants
and cause errors (negative or positive) in their measurement.
Hence, it is highly significant to study the effect of various ions
and their interference. In this research, SMX is extracted from
aqueous samples containing 250 μg L-1 of SMX in the presence of
various anions and cations, and determined the degree of
interference of these ions. It should be noted that an
interfering ion refers to an ion that causes a ±5% change in
the absorption signal of the analyte. The results of interference

FIGURE 6
Effect of different solvents on extraction efficiency.

FIGURE 7
Effect of centrifuge speed on extraction rate.
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effect are presented in Table 4. The results showed that most
investigated anions and cations did not significantly interfere
with SMX extraction and measurement.

3.8 Optimization of SMX extraction
conditions

Based on the above results, the optimal conditions for
extracting of SMX from environmental water and biological

samples using Design-expert software v10 were predicted
(Table 5). The maximum extraction recovery under the
optimal conditions (0.024 g of adsorbent, 7.5 min of
ultrasonication time, 235 µL of eluent volume, pH = 5,
535 µL of disperser solvent volume, and 185 µL of extraction
solvent volume) was estimated. The extraction recovery of SMX
was determined as 94.11% for the UA-DLLME method and
93.63% for the UA-DSPME method. The RSD (N = 3) for the
UA-DLLME and UA-DSPME methods were obtained as 1.6%
and 2.2%, respectively, confirming the model’s high accuracy in
predicting the results.

3.9 Evaluation of UA-DLLME and UA-DSPME
methods performance

Parameters such as preconcentration factor (PF), percent
relative standard deviation (RSD%), enrichment factor (EF),
limit of detection (LOD), and linear range (LR) were calculated
to demonstrate the validity of the methods (Table 6). Under
optimal conditions, the LR for the UA-DLLME and UA-
DSPME methods were determined as 10–800 μg L-1 and
20–1,200 μg L-1, respectively. The LOD for the UA-DLLME and
UA-DSPME methods were obtained as 3 μg L-1 and 6 μg L-1,
respectively, indicating the high sensitivity of the measurement
methods. The repeatability was also assessed by calculating the
RSD (N = 5), resulting in 1.9% and 2.3% for the UA-DLLME and
UA-DSPME methods, respectively. EF represents the ratio of
analyte concentration in the organic solution to its initial
concentration in the aqueous solution. EF values of 108 and
95 were obtained for the UA-DLLME and UA-DSPME
methods, respectively. The PF, indicating the ratio of the
analyte concentration in the analyzed solution to its
concentration in the initial solution, was 54.05 for UA-DLLME
and 42.55 for UA-DSPME. The LOD obtained when UA-DLLME
was applied was lower than that obtained when UA-DSPME was
used. The UA-DLLME has advantages, such as high enrichment
factor, high preconcentration factor, and low LOD and low RSD
values. The UA-DSPME and UA-DLLME methods represent
inexpensive alternatives to conventional SPE and LLE extraction
methods.

3.10 SMX measurement in real-time natural
samples

To separate, preconcentration, and measure SMX from
various samples, including deionized water, wastewater of

FIGURE 8
Variation of pHpzc of ZnFe2O4 nanoparticles.

FIGURE 9
Regeneration studies of ZnFe2O4 nanoparticles.

TABLE 4 Interference effect of other ions on the recoveries of SMX.

Foreign species Tolerance (mg L-1)

UA-DLLME UA-DSPME

Na+, Mg2+, Ca2+, K+ 700 900

F−, Cl−, Br−, Co2+ 500 500

Ni2+, Cu2+, Zn2+ 300 200

Fe3+, Pb2+ 100 100

TABLE 5 Factors studied in the experimental design and their optimal levels.

Methods Optimal conditions ER% ± RSD (%) (N = 3)

A B C D Observed Predicted

UA-DLLME 535 µL 185 µL 5 7.5 min 94.11 ± 1.6 95.91

UA-DSPME 0.024 g 235 µL 5 7.5 min 93.63 ± 2.2 92.37
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TABLE 6 Analytical characteristics of the UA-DLLME and UA-DSPME methods.

Method UA-DLLME UA-DSPME

Linear range (µg L-1) 10–800 20–1,200

LOD (µg L-1) 3 6

LOQ (µg L-1) 10 19

Preconcentration factor 54.05 42.55

Enrichment factor 108 95

Intra-day precisiona (RSD, %, N = 5) 1.9 2.3

Inter-day precisionb (RSD, %, N = 5) 2.5 3.6

Average recoveries (%) 97.98 98.13

aThe intra-day precision was determined by analyzing five replicate samples in 1 day.
bThe inter-day precision was obtained by analyzing the samples once a day in five consecutive days.

TABLE 7 Extraction recoveries in different samples by the UA-DLLME and UA-DSPME methods.

Methods Samples Added (µg L-1) Found (µg L-1) ER% ± RSD (%) (N = 3)

UA-DLLME Deionized water 100 98.06 98.06 ± 2.6

250 247.60 99.04 ± 2.0

600 596.06 99.34 ± 1.8

Tap water 100 96.54 96.54 ± 3.2

250 239.82 95.92 ± 2.5

600 576.88 96.14 ± 2.1

Hospital Wastewater 100 91.99 91.99 ± 3.9

250 233.44 93.37 ± 3.3

600 554.68 92.44 ± 2.6

Urine 100 92.11 92.11 ± 2.3

250 236.03 94.41 ± 3.3

600 566.63 94.43 ± 1.8

UA-DSPME Deionized water 100 98.27 98.27 ± 1.9

250 246.44 98.57 ± 1.7

600 585.03 97.50 ± 2.0

Tap water 100 93.58 93.58 ± 2.1

250 235.79 94.31 ± 1.9

600 574.46 95.74 ± 2.3

Hospital Wastewater 100 91.02 91.02 ± 3.0

250 235.75 94.30 ± 2.0

600 556.42 92.73 ± 2.6

Urine 100 94.95 94.95 ± 2.7

250 230.65 92.26 ± 3.0

600 558.03 93.00 ± 2.9
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hospital, tap water, and urine, experiments were conducted for
UA-DLLME and UA-DSPME methods. The preconcentration
and extraction of SMX from real samples were done by adding
250 μg L-1 of SMX to the samples in three repeated
measurements according to the proposed methods (Section
2.3 and Section 2.4) in optimal conditions, and the amount of
recovery SMX was determined. Table 7 presents the results of
UA-DLLME and UA-DSPME methods for SMX extraction and
measurement in real samples. The results of Table 7 showed that
these methods were suitable for use in real samples.

3.11 Study of effects of variables on the
extraction of SMX

Each process parameter (keeping other parameters constant)
has a different effect on the overall extraction of SMX. However, the
interaction effect of the two parameters has a significant effect on the
extraction. Therefore, surface response plots were drawn to study
the contour trends and effects of different parameters on the overall
extraction efficiency (Figure 10). The parameters are plotted on the x

and y-axes in these three-dimensional diagrams, and the response is
plotted on the z-axis.

Figure 10A shows the effect of two parameters of extraction
solvent volume and disperser solvent volume in the UA-DLLME
method on SMX extraction. The volume of the disperser solvent is of
high importance in the UA-DLLME method. Also, different
volumes of acetonitrile (100–700 μL) were tested to determine
the optimal disperser solvent volume. Initially, with increasing
disperser solvent volume, the recycling efficiency also increased,
but at volumes above 535 μL, the recycling efficiency decreased. The
results showed that the highest recovery was observed in 535 μL of
acetonitrile.

Different amounts of chloroform (50–250 μL) were investigated
to determine the effect of extraction solvent volume on the SMX
extraction. According to Figure 10A, the SMX extraction was
maximum in the chloroform volume of 185 μL, and then the
SMX extraction decreased with the increase of the chloroform
volume. The reason is that the concentration factor drops since
the volume of the precipitated phase increases. So, 185 μL of
chloroform was chosen as the optimal volume in the UA-
DLLME method.

FIGURE 10
Response surface plots of extraction recovery (ER%) for (A) and (B) UA-DLLME; (C) and (D) UA-DSPME.
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Figure 10B presents the effect of disperser solvent volume and
ultrasonication on the SMX extraction process in the UA-
DLLME method. In the effect of ultrasonic duration
(2–10 min), the highest amount of recovery was obtained
when the solution of the cloudy was placed in an ultrasonic
bath for 7.5 min, and as time increased, the amount of recovery
decreased. Only quantities of analyte dissolved during extraction
can be analyzed and quantified in the UA-DLLME sample
preparation process. Therefore, the reason for the reduction in
recycling, if the extraction time is increased, is that some of the
analytes dissolved in the extraction solvent can be separated from
it and dissolved in the disperser solvent.

Figure 10C illustrates the changes in SMX extraction due to
changes in the adsorbent amount and eluent volume in the UA-
DSPME method. Different volumes of methanol (100–300 μL) were
investigated to determine the effect of eluent volume on SMX
extraction in the UA-DSPME method. According to Figure 10C,
the recycling efficiency increased when the eluent volume rose to
235 μL. However, at volumes above 235 μL, the recycling efficiency
decreased. Therefore, 235 μL of methanol was chosen to obtain high
efficiency in analyte extraction.

Figure 10 depicts the effect of pH and eluent volume on the SMX
extraction. The pH changes the ions or molecules, which affects the
extraction efficiency. For this reason, the amount of SMX extraction
in the pH range of 3–11 was investigated. Based on the results, the
maximum extraction was achieved at pH 5, and with increasing pH,

the recycling efficiency decreased. The adsorbent surface is
negatively charged because hydroxide ions in the solution at
alkaline pH values go up, and SMX is expelled from the
adsorbent surface with a negative charge. Therefore, it reduces
the extraction rate.

3.12 Comparison of UA-DLLME and UA-
DSPME methods with other methods for
determination of SMX

The efficiency of UA-DLLME and UA-DSPME methods for
SMX preconcentration was compared with other previous
methods and the results are summarized in Table 8. As
observed in Table 8, the proposed method was comparable or
better than many previous methods in terms of various analytical
parameters such as LR and LOD. Another important parameter is
the extraction time. The extraction time was more than 7.5 min in
previous studies on SMX extraction, and it shows the high speed of
the methods in the present study. In many of the studied methods
in the literature, devices such as HPLC or MS, which are selective
analytical instruments with high sensitivity, have been utilized. On
the other hand, the high cost of using these devices and the lack of
accessibility in developing countries make their widespread
adoption unfeasible. Hence, the current approach using
spectrophotometry, which offers high sensitivity, repeatability,

TABLE 8 Comparison of UA-DLLME and UA-DSPME with other methods for SMX preconcentration.

Method Time
(min)

LR (μg L−1) LOD
(μg L−1)

RSD
(%)

EF References

Solid-phase extraction- spectrophotometric detection 30 100–300 40 4 a Dmitrienko et al. (2015)

Dispersive solid-phase extraction- HPLC 5 25–1,000 6.90 2.2 a Herrera-Herrera et al.
(2013)

Ionic liquid-based microwave-assisted dispersive liquid-liquid
microextraction- HPLC

1.5 0.05–5 0.014 1.09 37 Xu et al. (2011)

Fluorescence-LC Method
with Pre-Column Derivatization

120 1–300 0.3 0.9–1.5 a Zotou and Vasiliadou
2009

Hollow fiber supported ionic liquid membrane microextraction- HPLC 480 1–2000 0.1 ≤5% 73 Tao et al. (2009)

Extraction using aqueous
two-phase systems of poly (propylene glycol) and salt

30 2.5–250 0.1 1.4 a Xie et al. (2011)

Stir bar sorptive extraction- HPLC 150 10–1,000 1.85 8.88 189 Huang et al. (2009)

Magnetic solid-phase extraction- HPLC 10 2–200 0.21 5 a Tolmacheva et al. (2016)

Micro-solid phase extraction- HPLC 40 1–200 0.46 4.4 a Zhou and Fang 2015

Ionic liquid-based single-drop liquid-phase microextraction- HPLC 20 1–1,500 1 6.7 a Guo et al. (2012)

Ionic liquid/ionic liquid dispersive liquid-liquid microextraction- HPLC 3 20.5–401.0 5.21 1.3 a Liu et al. (2016)

Liquid–liquid–liquid microextraction- HPLC 45 1–500 0.11 3.5 98 Lin and Huang 2008

Solid phase extraction- HPLC 2.5 500–60000 a >6 a Bedor et al. (2008)

Microwave-assisted solid-phase extraction- spectrophotometric 6 a 0.5 >6 a Dimpe et al. (2018)

Ultrasound-assisted dispersive liquid-liquid microextraction 7.5 10–800 3 >4 108 This work

Ultrasound-assisted dispersive solid-phase microextraction 7.5 20–1,200 6 >4 95 This work

aNot available.
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speed, and simplicity, is deemed suitable for preconcentration of
SMX from aqueous and biological samples. Furthermore, the
results showed that the use of the CCD matrix leads to a
reduction in the number of experiments required. Additionally,
this approach can reduce the associated time and costs involved in
the investigation.

4 Conclusion

The UA-DLLME and UA-DSPME techniques were introduced
to pre-concentrate SMX in water and biological samples.
Measurement was performed using the spectrophotometry
method. This research aimed to develop efficient, selective, cost-
effective, and simple methods for determining SMX in water and
biological samples. Therefore, the effect of various factors such as
eluent volume, extraction solvent volume, ultrasonication time,
adsorbent amount, disperser solvent volume, and pH were
optimized using RSM coupled with CCD matrix to enhance the
SMX extraction. The results showed that the methods were highly
efficient, exhibited good reproducibility, and had a wide linear range
(10–1,200 μg L−1) for SMX determination. The LOD for UA-
DLLME and UA-DSPME methods were obtained as 3 μg L-1 and
6 μg L-1, respectively. The optimal conditions were 0.024 g of
adsorbent, pH of 5, 235 µL of eluent volume, 185 µL of
extraction solvent volume 7.5 min of ultrasonication time, and
535 µL of disperser solvent volume. The SMX extraction under
the optimum conditions for water and biological samples was in the
range of 92.44%–99.12% (RSD< 4). Also, the reusability showed that
ZnFe2O4 nanoparticles can be effectively used up to 5 times to
extract SMX. In addition, the interference effect showed that
different cations and anions do not significantly interfere with
the extraction of SMX. Therefore, UA-DLLME and UA-DSPME
methods can be suggested as efficient methods for SMX extraction
from water and biological samples.
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