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Abstract
Sertraline is used as an antidepressant drug for the treatment of psychiatric disorders, including anxiety and depression. In the current study, a simple and effective method was developed for the sensitive monitoring of sertraline in water samples using a GC–MS system. The spray-assisted droplet formation liquid-phase microextraction (SADF-LPME) method was used as a sample preparation method for the enrichment of analytes. Accordingly, dichloromethane was used as an extraction solvent and easily dispersed into a sample/standard solution using a lab-made modified spray device without using a dispersing solvent. The significant factors affecting the SADF-LPME efficiency, including sample pH, mixing conditions, extraction solvent type, and spray cycle, were univariately optimized to ascertain the extraction performance and applicability of the system. Under the optimized conditions, the plotted calibration curve of the method was linear in the range of 100.2–2011.7 µg/kg (mass-based standard preparation) with a good correlation coefficient (R2) of 0.9997. The detection and quantification limits of method were found to be 37.5 and 125 µg/kg, respectively. Validation of the method was successfully carried out using different tap water samples and applying a matrix-matching calibration strategy. The acceptable percent recoveries were recorded between 77.3 and 133.7%, with high repeatability. The recommended method is an alternative and fast extraction method with several advantages, including a simple experimental process, good dispersibility, and fast and superior extraction performance. It can be readily applicable to the monitoring and quantification of sertraline in tap water samples with good precision and accuracy.
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Introduction
Antidepressant drugs are the most prescribed drugs for treating psychiatric disorders and depression, which directly affect the concentration of neurotransmitters in the central nervous system including serotonin, dopamine, and norepinephrine (Truta et al. 2016; Wang et al. 2023). Selective serotonin reuptake inhibitors (SSRIs) have a range of therapeutic benefits in humans and block presynaptic serotonin reuptake transporters (Brooks 2014). Sertraline hydrochloride, one of the SSRIs, is commonly used as an antidepressant drug with better efficiency and acceptability than other antidepressants (Atty et al. 2020; Khosrokhavar et al. 2020; Shoja et al. 2016). Sertraline has a high specific affinity for the central serotonin uptake sites, which has an effective therapeutic range with minimal and tolerable side effects (Khraiwesh et al. 2011). Additionally, sertraline is employed for the treatment of different kinds of psychiatric diseases, such as major depression, post-traumatic stress, anxiety, panic or social phobia, and obsessive–compulsive disorders (Huddart et al. 2020; Khraiwesh et al. 2011; Shoja et al. 2016). Sertraline has been widely prescribed for children and adults; hence, it has been reported to be one of the most detected pharmaceutical substances in wastewater treatment plant effluents and surface water (Mohamed et al. 2023). Most pharmaceutical drugs, especially antidepressants, cannot be completely metabolized, and the unchanged parent compounds or their active metabolites are afterward disposed into the sewage system. Antidepressant-contaminated wastewater is continuously released into the environment because of the insufficient treatment of these drugs by wastewater treatment plants (Zhang et al. 2023). Accordingly, they can rapidly penetrate human bodies through seafood consumption or drinking water and lead to health issues (Khan et al. 2023). Even though these drugs are eliminated during the treatment process in wastewater and surface water, some drugs can still exist in wastewater at ng/L or µg/L levels. This can alter the biological processes of various species, especially fish, affecting gene transcription and compromising anti-predator behavior at low levels. For example, tissue-specific bioaccumulation of sertraline, citalopram, and venlafaxine in Oncorhynchus mykiss (rainbow trout) has been observed in the brains and livers of most fish (Melchor-Martínez et al. 2021). According to the report published by the World Health Organization in 2012, pharmaceutical concentrations are reported as less than 0.1 μg/L in groundwater, surface water, and poorly treated water, while generally below 0.05 μg/L in treated water (Fallah et al. 2021). Therefore, rapid and sensitive analytical methods are required for monitoring the quantification and presence of antidepressants to evaluate their potential effects on the environment.
Analytical methods are important to provide rapid and accurate analytical information in preclinical and clinical pharmacokinetic studies, as well as environmental research (Bozyiğit et al. 2023; Jain et al. 2005). The most commonly used chromatographic techniques involving gas chromatography-mass spectrometry (GC–MS) (Boumba et al. 2016; Koçoğlu et al. 2017; Ntoupa et al. 2020; Rosado et al. 2017; Papoutsis et al. 2012)), and high performance liquid chromatography (HPLC) (Ferrarini et al. 2010), liquid chromatography–tandem mass spectrometry (LC–MS/MS) (Patel et al. 2009; Zhang et al. 2011) have been reported for the determination of sertraline in various matrices. In addition, sample preparation methods are generally needed to enrich analytes, make them suitable for the analysis system, eliminate matrix interferences, and obtain the appropriate analyte form for the detection/extraction (Farajzadeh et al. 2017). Different sample preparation methods, such as solid phase extraction (SPE) (Arghavani-Beydokhti et al. 2023), solid phase microextraction (SPME) (Mohammadi et al. 2020), liquid-phase microextraction (Hansen et al. 2020), and dispersive liquid–liquid microextraction (DLLME) (Akramipour et al. 2016), can be applied for the detection of trace levels of pharmaceuticals as they overcome the limits caused by the matrix effects and the low amount of analytes before the chromatographic analysis. DLLME has gained great popularity due to its simplicity and the ability to be performed for different analytes in a various matrices (Ahmad et al. 2015). This method can be easily modified to achieve a superior enrichment factor, reduce the amount of organic solvent and cost, and provide better selectivity and reproducibility with minimal experimental steps using the previously reported simple spray apparatus (Erulaş et al. 2020).
The objective of the presented work was to establish the determination of sertraline in environmental water samples. SADF-LPME as sample preparation was performed using a commercial spray apparatus that led to the formation of the droplets. This system was coupled with a GC–MS system for the quantitative detection of the studied analyte. The main factors affecting the preconcentration system were evaluated using a comprehensive optimization approach. Additionally, this system was used for the first time for the sertraline determination of in tap water matrix.

Experimental
Instrumental and chromatographic conditions
GC–MS analysis was conducted by an Agilent 6890 GC system coupled with an Agilent 5973 mass spectrometry detector. The studied analyte was separated by using an HP-5MS (Agilent, USA) capillary column (30 m × 0.32 mm i.d., 0.25 μm film thickness). The helium (purity 99.995%) as carrier gas has flowed with a constant flow rate of 2.5 mL/min, and sample/standard volume was injected as 1.0 μL in the splitless mode at an inlet temperature of 280 °C. The ion source and quadrupole temperature of the mass spectrometer were kept at 230 °C and 150 °C during analyses in the ionization energy mode (70 eV), respectively. The temperature program of the GC oven was initially set to 70 °C, then increased to 280 °C at 50 °C/min, and finally 280 °C to 300 °C at 60 °C/min. The major quantitative/qualitative ions of sertraline HCl were selected as 276/274 due to their high selectivity and good sensitivity. Chromatographic analyses were accomplished by both techniques, including the total ion chromatogram (TIC) and scanning ion mode (SIM). Data acquisition and instrument control were processed with ChemStation® software.
The efficient and uniform dispersion of the extraction solvents was carried out into sample/standard solutions using a basic and commercially available spray apparatus. The features of the designed system were detailed in our previous study (Erulaş et al. 2020). Briefly, the system consisted of the following parts: a transfer tube, an extraction solvent container (20-mL internal volume), a centrifuge tube cap, and a spray head. The extraction solvent was easily dispersed without the use of a dispersive solvent to minimize the experimental step and organic solvent consumption. The spray apparatus is illustrated in Fig. 1.[image: ]
Fig. 1Illustration of SADF-LPME method for sertraline



Chemicals and solutions
The standard of sertraline HCl with a high purity (≈ 100%) was provided by Biofarma pharmaceutical company (İstanbul, Türkiye). HPLC-grade ethanol was supplied from Isolab (Germany) to prepare a standard stock solution with a concentration of 1267.9 mg/kg (mass-based). Extraction solvents, including dichloromethane 1,2 dichloroethane and chloroform, were of analytical reagent grade and taken from Merck (Darmstadt, Germany). The standard solutions were prepared by gravimetric and, all dilutions were done with deionized water having the conductivity of 18.2 MΩ/cm (ELGA PureFlex III). The buffer solution (pH 6.0) was prepared by using potassium hydrogen phthalate and HCl solution (37%) in the studied concentrations, both purchased from Merck (Darmstadt, Germany). The working/calibration standard solutions were prepared freshly and daily before everyday usage and stored in a refrigerator (− 20 °C) protected from light.

Extraction and preconcentration procedure
The 8.0 mL of working/sample solutions were placed in a 15-mL centrifuge tube and a 0.50 mL of pH 6.0 buffer solution was added into the solution. Dichloromethane as an extraction solvent was sprayed at two cycles. As depicted in Fig. 1, the centrifuge tube was coupled to the spray apparatus, and the spraying process was carried out by turning the system upside down. After the spraying, the cloudy solution was formed, and the samples were vortexed at 60 s, ensuring a homogenous dispersion process and increasing mass transfer. The formed phase was then centrifuged for 2.0 min at 3000 rpm to accelerate phase separation. The organic phase (dichloromethane) was collected in an insert vial, and the extracted sample was injected into the GC–MS system for analysis.

Sample preparation
Tap water samples were employed to verify the practicality and accuracy of the SADF-LPME method. The samples, namely TW1 and TW2, were taken from two different locations in İstanbul, Türkiye. Accordingly, TW1 was directly sampled from a laboratory outlet (Esenler, İstanbul), and TW2 was sampled from a household tap (Büyükçekmece, İstanbul). The PET (polyethylene terephthalate) bottles were used in the sampling process and rinsed thoroughly with tap water before the collection of samples. The matrix-matched samples were prepared to eliminate matrix interferences and directly used for the extraction of sertraline without any filtration. Samples were collected freshly to minimize the possibility of contamination or degradation and stored in a wooden cabinet under ambient conditions.


Results and discussion
Optimization of effective factors in SADF-LPME
The experimental parameters including pH of sample solution, extraction solvent type, spray repetition, mixing type, and mixing period were systematically studied for the quantitative determination of sertraline to obtain the highest extraction efficiency in terms of low limit of detection (LOD) and limits of quantification (LOQ). The optimization studies of the above-mentioned parameters were carried out using one variable at a time method with three parallel groups. The optimal conditions were selected according to the comparison of average peak area and relative standard deviation (%RSD). Precision was expressed as %RSD, which indicated the repeatability of the signals. The spray apparatus mentioned in Sect. “Instrumental and chromatographic conditions” was used for the distribution of the extraction solvent and single-step extraction of the studied analyte from aqueous samples. The sample/standard solution volume was fixed at 8.0 mL, considering the efficient distribution of extraction solvent and the applicable volume of the spray system.
Optimization of the pH
The pH has a significant impact on the water solubility and extractability of analytes, which depend on the chemical structure and pKa value of the analyte(s). The ionic forms of analytes assist in the transition from the organic solvent to the aqueous phase; while, the molecular forms of the analytes tend to be transferred to the organic solvent (Caldas et al. 2010) (Ghane et al. 2022). Accordingly, the weak acids exist in ionic form in the sample medium when their pH values are greater than their pKa values. This not only increases their water solubility but also reduces their retention in the extraction device (Ghani et al. 2021). In this study, the effect of pH on the extractability of sertraline was evaluated in the range of pH 4.0–8.0 by adding 1.0 mL of buffer solution. The findings are demonstrated in Fig. 2A. Although the highest peak area was achieved at pH 4.0, the repeatability of signals notably decreased. The satisfactory results were achieved using a phthalate buffer solution prepared with potassium hydrogen phthalate and HCl at pH 6.0. Hence, the buffered samples at pH 6.0 were selected as the ideal sample medium due to their good signal repeatability and satisfactory extraction outputs.[image: ]
Fig. 2Effect of A buffer solution pH, B buffer solution volume, C extraction solvent type, and (D) spray cycle on the extraction performance of sertraline (Error bars represent SD, n = 3)


The volume of the buffer solution was then adjusted between 0.50 and 1.5 mL to ensure a good buffer capacity and proper extraction performance. The final volume of test solutions was fixed using deionized water to compare different buffer solution volumes at the same concentration without dilution of analytes. As shown in Fig. 2B, the peak areas and repeatability of signals were decreased by increasing the buffer volume up to 1.5 mL. The highest responses with the lowest %RSD were recorded at 0.50 mL of the buffered solution. The 0.50 mL of pH 6.0 buffer solution was selected as an optimal condition for its excellent buffering capacity and extraction of sertraline without further diluting it.

Selection of the extraction solvent type
In LPE-based extraction methods, a suitable extraction solvent is required for the complete extraction of analytes (Azadkish et al. 2023). The extraction solvent should exhibit features, e.g., higher density than water, low water solubility, non-volatility during the extraction process, and compatibility with the analytical techniques used. Halogenated solvents are widely employed as extraction solvents in DLLME-based methods, involving tetrachloroethylene, chloroform, methylene chloride, and carbon tetrachloride (Lobo and Magalhães 2020). In this regard, three water-immiscible halogenated solvents, including chloroform (CHL), dichloromethane (DCM), and 1,2-dichloroethane (DCE), were compared to assess their effects on extraction performance with two spray cycles. The results demonstrated that signals significantly decreased with CHL and DCE solutions, according to Fig. 2C. DCM proved to have superior extraction capability due to its greater solubility for sertraline, enabling better extraction from the aqueous sample. Hence, DCM was selected as an optimal extractant in the following experiments.

Optimization of extraction solvent volume
Accordingly, the effect of the DCM volume was examined to ensure optimal detection sensitivity and good extraction efficiency for the studied analyte. An excessive volume of extractant can lead to analyte dilution; while, a low volume may not be sufficient for the complete extraction of the analyte. In this context, the number of spray cycles was optimized by testing 2, 3, and 4 cycles. As expected, the results indicated an incremental decrease in peak areas with increasing spray cycles (Fig. 2D). The spray cycle is related to the volume of extractant and leads to dilution of the analyte in increasing cycles. Additionally, one spray cycle was not tested due to the challenges of phase separation and the collection of the dispersed extractant. Consequently, the dispersion of extractant for extracting sertraline from environmental water samples was conducted using a designed apparatus at two spray cycles. Additionally, the DCM solution was dispersed using an analytical balance into clean centrifuge tubes with six replicate cycles, and the average extraction solvent volume consumed in one spray cycle was recorded as 0.07953 g with a 0.0041 SD.

Optimization of mixing conditions
The effect of the mixing type on the extraction performance was studied using vortex, ultrasonication, and mechanical mixing for a constant period of 15 s. Additionally, the extraction process was repeated without any mixing conditions to assess the mixing effect on extraction outputs. Based on experiment results, ultrasonication proved to have the best extraction capability, but the %RSD value was quite high compared to other mixing processes. This can be explained by the fact that mass transfer and equilibrium cannot be established effectively. The vortex was therefore used for optimum mixing due to better extraction outputs. The effect of vortex period on extraction efficiency was assessed from 20 to 100 s in 20 s intervals at ambient temperature. The average peak areas showed a decrease at 40 s, then the extraction efficiency increased linearly between 40 and 80 s. This is most likely the result of an insufficient and unstable equilibrium process. The highest responses were obtained with 60 s. Hence, 60 s was selected as the suitable vortex period for the next experiments.


Analytical performance of the SADF-LPME method
The performance of SADF-LPME combined with the GC–MS system for the determination of sertraline was investigated under optimized extraction conditions (Table 1).Table 1Optimal extraction conditions of the presented SADF-LMPE method for sertraline


	Parameter
	Conditions

	Initial sample volume
	8.0 mL

	Buffer solution/volume
	pH 6.0/0.50 mL

	Spray repetition
	2 times

	Extraction solvent
	Dichloromethane

	Mixing type/period
	Vortex/60 s




Under optimal extraction and chromatographic conditions, the method was verified using analytical performance parameters, including the LOD, LOQ, linear dynamic range (LDR), linear coefficients (R2), and repeatability. The lowest concentration that can be determined with statistical significance using a particular analytical technique is known as the limit of detection, or LOD. The lowest analyte concentration that can be quantitatively identified with a certain level of accuracy and precision is known as the limit of quantification (LOQ). The range of concentrations where the signals are exactly proportionate to the analyte concentration in the sample is known as the linear dynamic range. A detectable signal is given down below in Fig. 3. The calibration plots and curves were constructed by plotting peak areas versus the concentrations. The LOD and LOQ values were calculated using the following expressions: 3*σ/m and 10*σ/m, respectively. m represents the slope of the regression equation of the calibration plot and σ represents the standard deviation of the lowest concentration (n = 6). LOD and LOQ values of the recommended method were recorded at 37.5 µg/kg and 125.0 µg/kg, respectively. Linearity was obtained in the range of 100.2–2011.7 µg/kg with R2 > 0.9997. All results are summarized in Table 2. As seen in the Table 2, the conventional chromatographic methods can be used in the determination of sertraline in various real sample matrices. Additionally, any sample preparation method applied prior to instrumental measurements of these samples may enhance the accuracy and the sensitivity of the analytical method. Similarly, the detection power of the GC–MS system in the determination of sertraline in the study was enhanced by developing a simple and rapid microextraction technique. Furthermore, the results show that the SADF-LPME-GC–MS method can be used for the quantitative determination and monitoring of sertraline at trace amounts in environmental analysis with respect to comparable detection limits with the methods used in the literature for the aim of sertraline determination.[image: ]
Fig. 3Total ion chromatogram signal of Sertraline-HCL corrected by NIST MS Library Software

Table 2Analytical performance parameters for sertraline in the presented methods and comparison with previously published methods


	Method
	LOD
	LOQ
	Dynamic range
	Calibration equation
	R2
	Real samples
	References

	GC-MSa
	1.1 mg/kg
	3.8 mg/kg
	2.49–88.83 mg/kg
	y = 15,229.5x + 138,412.6
	0.9930
	–
	This study

	SADF-LPME-GC-MSb
	37.5 µg/kg
	125.0 µg/kg
	100.2–2011.7 µg/kg
	y = 1661.6x + 52,120.5
	0.9997
	Tap water

	Supportive liquid–liquid extraction-GC–MS
	0.43 ng/mL
	1.43 ng/mL
	1.0–1000 ng/mL
	y = 0.0114x − 0.0928
	0.999
	Tap Water and wastewater
	Koçoğlu et al. (2017)

	HPLCc
	0.029 μg/mL
	0.097 μg/mL
	1.0–120 μg/mL
	y = 32439x − 42,461
	0.9999
	Bulk drug, tablets, and capsules
	Chen et al. (2004)

	SLE-HPLC–MS/MSd
	0.09 ng/mL
	0.30 ng/mL
	1.0–100 ng/mL
	y = 1.0785x + 1.3579
	0.9967
	Human plasma
	Zheng et al. (2021)

	RP-UHPLCe
	0.2085 μg/L
	0.6321 μg/L
	10–50 µg/mL
	y = 85.27x + 69.94
	0.9999
	Bulk drug and dosage form
	Chaudhari et al. (2022)

	UA-DLLME-SFODf
	0.4 ng/mL
	1.2 ng/mL
	1.2–40.0 ng/mL
	y = 17,057 CSER + 866.89
	0.9985
	Human serum and urine
	Farsimadan et al. (2016)


aGas chromatography-mass spectrometry
bSpray assisted drop formation-based liquid-phase microextraction–gas chromatography–mass spectrometry
cHigh-performance liquid chromatography tandem mass spectrometry
dSolid-phase supported liquid–liquid extraction-high-performance liquid chromatography tandem mass spectrometry
eReversed phase ultra-high-performance liquid chromatography
fUltrasound-assisted dispersive liquid–liquid microextraction based on solidification of floating organic droplets—high performance liquid chromatography




Application for tap water samples
The tap water samples were used to ascertain the reliability and feasibility of the proposed method in practical applications. Accordingly, the analysis of procedural blank samples was accomplished under optimal extraction conditions. The detectable signals were recorded to be notably greater than the blank signals of the deionized water at the retention time of the studied analyte. A blank correction procedure was used for the quantification of sertraline in matrix-matching calibration strategy. Subsequently, the spiking procedure at different concentrations was applied for TW1 and TW2, and the %recoveries were calculated by applying a matrix-matched calibration strategy. Equation from spiked TW1 was used to calculate the %recoveries of spiked TW2, and the equation from spiked TW2 was used for recoveries of spiked TW1. The results are summarized in Table 3, and acceptable percent recoveries were found to be in the range of 77.3–133.7%.Table 3Percentage recoveries for the determination of analyte obtained from tap water samples


	Sample
	Spiked concentration, µg/kg
	% Recovery
	± Standard Deviation (n = 3)

	TW1
	205.4
	105.2
	17.5

	354.2
	91.5
	10.7

	807.9
	85.9
	15.8

	1532.7
	77.3
	6.9

	TW2
	200.2
	115.9
	1.6

	351.8
	125.1
	7.8

	805.3
	103.7
	6.1

	2029.1
	133.7
	4.4






Conclusion
In the current work, a simple and effective microextraction method was developed for the preconcentration of the most frequently prescribed antidepressant drug, sertraline, in tap water samples prior to the GC–MS system. The presented extraction strategy can easily overcome the limitations of the conventional DLLME method due to several advantages, such as single-step and fast extraction, easy handling, and an affordable process. The modified spray apparatus was employed for the efficient distribution of the extraction solvent without the need to use a dispersion solvent. Accordingly, the mass transfer between the organic and aqueous phases was successfully established with the help of a spraying device. Under the optimal conditions, LOD and LOQ were recorded as 37.5 µg/kg and 125 µg/kg, respectively, with good linearity in the range of 100.2–2011.7 µg/kg. The method was verified using tap water samples to examine the system’s feasibility and effectiveness. The acceptable percent recoveries were found to be in the range of 77.3–133.7% with high precision using matrix-matched samples. The method demonstrated good extraction capability, sufficient sensitivity, and precision, indicating its possibility for widespread application. In addition, AGREE (Analytical GREEnness Metric Approach and Software) score of the presented method was calculated as 0.62. Hence, the presented method can be used for antidepressant drugs, especially sertraline, to determine concentration during therapeutic monitoring, clinical research, and environmental assessments at the µg/kg level.

Acknowledgements
The authors duly acknowledge Biofarma Pharmaceutical Company for providing the standards of sertraline HCl.

Author contributions
Nagehan Kübra Zeytinci contributed to data curation, formal analysis, investigation, methodology, validation, visualization, and writing—original draft. Hilal Akbıyık contributed to data curation, formal analysis, validation, visualization, and writing—original draft. Buse Tuğba Zaman contributed to data curation, formal analysis, validation, visualization, and writing—original draft. Emine Tezgin contributed to formal analysis, validation, visualization, and writing—original draft. Gamze Dalgıç Bozyiğit contributed to formal analysis, validation, visualization, and writing—original draft. Meltem Şaylan contributed to formal analysis, validation, visualization, and writing—original draft. Sezgin Bakırdere contributed to conceptualization, investigation, methodology, supervision, validation, writing—review and editing.

Funding
This study was funded by The Scientific and Technological Research Council of Türkiye (TÜBİTAK) with project number 1919B012209338.

Availability of data and material
Data will be available upon reasonable request.

Declarations
Competing interests
The authors declare that they have no competing interests.


[image: Creative Commons]Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creativecommons.​org/​licenses/​by/​4.​0/​.

References
	Ahmad W, Al-Sibaai AA, Bashammakh AS, Alwael H, El-Shahawi MS. Recent advances in dispersive liquid-liquid microextraction for pesticide analysis. TrAC Trends Anal Chem. 2015;72:181–92. https://​doi.​org/​10.​1016/​j.​trac.​2015.​04.​022.Crossref


	Akramipour R, Fattahi N, Pirsaheb M, Gheini S. Combination of counter current salting-out homogenous liquid–liquid extraction and dispersive liquid–liquid microextraction as a novel microextraction of drugs in urine samples. J Chromatogr B. 2016;1012:162–8.Crossref


	Arghavani-Beydokhti S, Rajabi M, Asghari A, Hosseini-Bandegharaei A. Highly efficient preconcentration of anti-depressant drugs in biological matrices by conducting supramolecular solvent-based microextraction after dispersive micro solid phase extraction technique. Microchem J. 2023;190:108703.Crossref


	Atty SA, Ibrahim AH, Ibrahim H, Abdelzaher AM, Abdel-Raoof AM, Fouad FA. Simultaneous voltammetric detection of anti-depressant drug, sertraline HCl and paracetamol in biological fluid at CNT-cesium modified electrode in micellar media. Microchem J. 2020;159:105524. https://​doi.​org/​10.​1016/​j.​microc.​2020.​105524.Crossref


	Azadkish K, Shokrollahi A, Rezayat MR, Rastgar M. Development of dispersive liquid–liquid microextraction with solid-phase evaporation as a novel hyphenated method prior to ion mobility spectrometry and its application for trace analysis of fluoxetine. Anal Bioanal Chem. 2023;415(14):2665–76. https://​doi.​org/​10.​1007/​s00216-023-04665-z.CrossrefPubMed


	Boumba VA, Rallis G, Petrikis P, Vougiouklakis T, Mavreas V. Determination of clozapine, and five antidepressants in human plasma, serum and whole blood by gas chromatography–mass spectrometry: a simple tool for clinical and postmortem toxicological analysis. J Chromatogr B. 2016;1038:43–8. https://​doi.​org/​10.​1016/​j.​jchromb.​2016.​10.​023.Crossref


	Bozyiğit GD, Zaman BT, Özdemir OK, Kılınç Y, Chormey DS, Bakırdere S, Engin GO. Removal of two antidepressant active pharmaceutical ingredients from hospital wastewater by polystyrene-coated magnetite nanoparticles–assisted batch adsorption process. Environ Monit Assess. 2024;196(1):77.Crossref


	Brooks BW. Fish on Prozac (and Zoloft): ten years later. Aquat Toxicol. 2014;151:61–7. https://​doi.​org/​10.​1016/​j.​aquatox.​2014.​01.​007.CrossrefPubMed


	Caldas SS, Costa FP, Primel EG. Validation of method for determination of different classes of pesticides in aqueous samples by dispersive liquid–liquid microextraction with liquid chromatography–tandem mass spectrometric detection. Anal Chim Acta. 2010;665(1):55–62. https://​doi.​org/​10.​1016/​j.​aca.​2010.​03.​004.CrossrefPubMed


	Chen D, Jiang S, Chen Y, Hu Y. HPLC determination of sertraline in bulk drug, tablets and capsules using hydroxypropyl-β-cyclodextrin as mobile phase additive. J Pharm Biomed Anal. 2004;34(1):239–45. https://​doi.​org/​10.​1016/​j.​japna.​2003.​08.​013.CrossrefPubMed


	Erulaş AF, Şaylan M, Topal S, Zaman BT, Bakırdere EG, Bakırdere S. A new microextraction method for trace nickel determination in green tea samples: solventless dispersion based dispersive liquid-liquid microextraction combined with slotted quartz tube-flame atomic absorption spectrophotometry. J Food Compos Anal. 2020;94:103623.Crossref


	Fallah Z, Zare EN, Ghomi M, Ahmadijokani F, Amini M, Tajbakhsh M, et al. Toxicity and remediation of pharmaceuticals and pesticides using metal oxides and carbon nanomaterials. Chemosphere. 2021;275:130055. https://​doi.​org/​10.​1016/​j.​chemosphere.​2021.​130055.CrossrefPubMedPubMedCentral


	Farajzadeh MA, Yadeghari A, Khoshmaram L. Combination of dispersive solid phase extraction and dispersive liquid–liquid microextraction for extraction of some aryloxy pesticides prior to their determination by gas chromatography. Microchem J. 2017;131:182–91. https://​doi.​org/​10.​1016/​j.​microc.​2016.​12.​013.Crossref


	Farsimadan S, Goudarzi N, Chamjangali MA, Bagherian G. Optimization of ultrasound-assisted dispersive liquid-liquid microextraction based on solidification of floating organic droplets by experimental design methodologies for determination of three anti-anxiety drugs in human serum and urine samples by high p. Microchem J. 2016;128:47–54. https://​doi.​org/​10.​1016/​j.​microc.​2016.​04.​003.Crossref


	Ferrarini A, Huidobro AL, Pellati F, Barbas C. Development and validation of a HPLC method for the determination of sertraline and three non-chiral related impurities. J Pharm Biomed Anal. 2010;53(2):122–9. https://​doi.​org/​10.​1016/​j.​jpba.​2010.​01.​036.CrossrefPubMed


	Ghane M, Mohadesi A, Ezoddin M, Ali Karimi M, Abdi K. Dispersive liquid–liquid microextraction with back extraction based on in situ deep eutectic solvent decomposition and air-assisted for determination of some antidepressant drugs in biological samples prior to HPLC-UV. Int J Environ Anal Chem. 2022. https://​doi.​org/​10.​1080/​03067319.​2022.​2118585.Crossref


	Ghani M, Zayeri Z, Maleki B. Glutathione-stabilized Fe3O4 nanoparticles as the sorbent for magnetic solid-phase extraction of diazepam and sertraline from urine samples through quantitation via high-performance liquid chromatography. J Separ Sci. 2021;44(6):1195–202. https://​doi.​org/​10.​1002/​jssc.​202000938.Crossref


	Hansen F, Øiestad EL, Pedersen-Bjergaard S. Bioanalysis of pharmaceuticals using liquid-phase microextraction combined with liquid chromatography–mass spectrometry. J Pharm Biomed Anal. 2020;189:113446.CrossrefPubMed


	Huddart R, Hicks JK, Ramsey LB, Strawn JR, Smith DM, Babilonia MB, et al. PharmGKB summary: sertraline pathway, pharmacokinetics. Pharmacogenet Genom. 2020;30(2):26.Crossref


	Jain DS, Sanyal M, Subbaiah G, Pande UC, Shrivastav P. Rapid and sensitive method for the determination of sertraline in human plasma using liquid chromatography–tandem mass spectrometry (LC–MS/MS). J Chromatogr B. 2005;829(1):69–74. https://​doi.​org/​10.​1016/​j.​jchromb.​2005.​09.​035.Crossref


	Khan NA, López-Maldonado EA, Majumder A, Singh S, Varshney R, López JR, et al. A state-of-art-review on emerging contaminants: environmental chemistry, health effect, and modern treatment methods. Chemosphere. 2023;344:140264. https://​doi.​org/​10.​1016/​j.​chemosphere.​2023.​140264.CrossrefPubMed


	Khosrokhavar R, Motaharian A, Milani Hosseini MR, Mohammadsadegh S. Screen-printed carbon electrode (SPCE) modified by molecularly imprinted polymer (MIP) nanoparticles and graphene nanosheets for determination of sertraline antidepressant drug. Microchem J. 2020;159:105348. https://​doi.​org/​10.​1016/​j.​microc.​2020.​105348.Crossref


	Khraiwesh A, Papoutsis I, Nikolaou P, Pistos C, Spiliopoulou C, Athanaselis S. Development and validation of an EI-GC/MS method for the determination of sertraline and its major metabolite desmethyl-sertraline in blood. J Chromatogr B. 2011;879(25):2576–82. https://​doi.​org/​10.​1016/​j.​jchromb.​2011.​07.​015.Crossref


	Koçoğlu ES, Bakırdere S, Keyf S. A novel liquid–liquid extraction for the determination of sertraline in tap water and waste water at trace levels by GC–MS. Bull Environ Contam Toxicol. 2017;99(3):354–9. https://​doi.​org/​10.​1007/​s00128-017-2118-2.CrossrefPubMed


	Lobo AMG, Magalhães IRS. Determination of tafenoquine in human plasma by dispersive liquid-liquid microextraction. Separ Sci Plus. 2020;3(3):44–50. https://​doi.​org/​10.​1002/​sscp.​201900088.Crossref


	Melchor-Martínez EM, Jiménez-Rodríguez MG, Martínez-Ruiz M, Peña-Benavides SA, Iqbal HMN, Parra-Saldívar R, Sosa- Hernández JE. Antidepressants surveillance in wastewater: overview extraction and detection. Case Stud Chem Environ Eng. 2021;3:100074. https://​doi.​org/​10.​1016/​j.​cscee.​2020.​100074.CrossrefPubMed


	Mohamed ZH, Riyad YM, Hendawy HA, Abdelbary HMH. Enhanced photocatalytic degradation of the antidepressant sertraline in aqueous solutions by zinc oxide nanoparticles. Water. 2023. https://​doi.​org/​10.​3390/​w15112074.Crossref


	Mohammadi P, Masrournia M, Es’haghi Z, Pordel M. Determination of four antiepileptic drugs with solvent assisted dispersive solid phase microextraction–Gas chromatography–mass spectrometry in human urine samples. Microchem J. 2020;159:105542.Crossref


	Ntoupa P-SA, Armaos KP, Athanaselis SA, Spiliopoulou CA, Papoutsis II. Study of the distribution of antidepressant drugs in vitreous humor using a validated GC/MS method. Forens Sci Int. 2020;317:110547. https://​doi.​org/​10.​1016/​j.​forsciint.​2020.​110547.Crossref


	Papoutsis I, Khraiwesh A, Nikolaou P, Pistos C, Spiliopoulou C, Athanaselis S. A fully validated method for the simultaneous determination of 11 antidepressant drugs in whole blood by gas chromatography–mass spectrometry. J Pharm Biomed Anal. 2012;70:557–62. https://​doi.​org/​10.​1016/​j.​jpba.​2012.​05.​007.CrossrefPubMed


	Patel BN, Sharma N, Sanyal M, Shrivastav PS. Analysis of second-generation antidepressant drug, sertraline and its active metabolite, N-desmethyl sertraline in human plasma by a sensitive and selective liquid chromatography–tandem mass spectrometry method. J Chromatogr B. 2009;877(3):221–9. https://​doi.​org/​10.​1016/​j.​jchromb.​2008.​12.​008.Crossref


	Rosado T, Gonçalves A, Martinho A, Alves G, Duarte AP, Domingues F, et al. Simultaneous quantification of antidepressants and metabolites in urine and plasma samples by GC–MS for therapeutic drug monitoring. Chromatographia. 2017;80(2):301–28. https://​doi.​org/​10.​1007/​s10337-017-3240-3.Crossref


	Shoja Y, Rafati AA, Ghodsi J. Electropolymerization of Ni–LD metallopolymers on gold nanoparticles enriched multi-walled carbon nanotubes as nano-structure electrocatalyst for efficient voltammetric sertraline detection in human serum. Electrochim Acta. 2016;203:281–91. https://​doi.​org/​10.​1016/​j.​electacta.​2016.​03.​117.Crossref


	Truta L, Castro AL, Tarelho S, Costa P, Sales MGF, Teixeira HM. Antidepressants detection and quantification in whole blood samples by GC–MS/MS, for forensic purposes. J Pharm Biomed Anal. 2016;128:496–503. https://​doi.​org/​10.​1016/​j.​jpba.​2016.​06.​027.CrossrefPubMed


	Wang W, Zhang J, Hu M, Liu X, Sun T, Zhang H. Antidepressants in wastewater treatment plants: occurrence, transformation and acute toxicity evaluation. Sci Total Environ. 2023;903:166120. https://​doi.​org/​10.​1016/​j.​scitotenv.​2023.​166120.CrossrefPubMed


	Zhang M, Gao F, Cui X, Zhang Y, Sun Y, Gu J, Sun Y. Development and validation of an improved method for the quantitation of sertraline in human plasma using LC-MS-MS and its application to bioequivalence studies. J Chromatogr Sci. 2011;49(2):89–93.CrossrefPubMed


	Zhang H, Kato D, Ihara MO, Jürgens MD, Johnson AC, Chen J, et al. Biological-activity-based prioritization of antidepressants in wastewater in England and Japan. Environ Sci Technol. 2023;57(16):6444–54. https://​doi.​org/​10.​1021/​acs.​est.​2c08380.CrossrefPubMed


	Zheng M, Zhang C, Wang L, Wang K, Kang W, Lian K, Li H. Determination of nine mental drugs in human plasma using solid-phase supported liquid-liquid extraction and HPLC-MS/MS. Microchem J. 2021;160:105647. https://​doi.​org/​10.​1016/​j.​microc.​2020.​105647.Crossref


	Chaudhari V, Patil S, Patil MS, Pawar S. Development and validation of RP-UHPLC method for determination of sertraline in bulk drug and dosage form. Chem Proc. 2022; 4.




Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Spray-assisted drop formation liquid-phase microextraction for the determination of sertraline in environmental water samples with matrix-matching calibration in GC–MS


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/40543_2024_459_Fig2_HTML.png
Extraction Solvent Type

500000 600000
450000
400000 300000
350000
- = 100000
& 300000 £
: 250000 : 300000
] =
> 2
& 00000 & .
150000 200000
100000
100000
50000
0 0 B
4 s 6 7 8 0.5mL 0.75 mL 1.0mL 1.SmL
Buffer Solution pH Buffer Volume
1400000 1600000
1200000 1400000
1000000 1200000
s =
5 800000 E 1000000
2 = 800000
T 600000 =
& & 600000
400000 100000
200000 200000
0 = 0 -
Chloroform Dichlcromethane 1, 2-Dichlorocthanc 2 3 1

Spray Cycle






OEBPS/css/envelope.png





OEBPS/images/40543_2024_459_Fig1_HTML.png
Formation of finc droplets Decantation

—p mmmmm) GC-MS System

Seperation of extraction

Vortexing A
phase

Extraction solvent

Sample solution containing Extracted phase

bulfer solution





OEBPS/css/cc-by.png
() _®





OEBPS/css/sidebar.gif





OEBPS/images/40543_2024_459_Fig3_HTML.png
TIC: 20 ppm std.D\data.ms =] ==

900000

800000

700000

600000

500000

400000

300000

200000

100000

[Time—>

[

PBM Search Results: C:\Database\W8N08.L

2 4(3,4-DICHLOROPHENYL)-N-METHYL-1

3 Sertraline $$ Zoloft $$ (1S,4S)-4-(3,4-Di

-TE TRAHYDRO-1-NAP
3,4 TETRAHYDRO-1-NAPHTHALENAMI...

HTHALENAMI.

1)-1.2.3.4

495442
495443
495437

305
305
305

|~ Difference

Statistics

Print

Done

Help

it [1]Sca

n 385 (5.535 min): 20 ppm std.D\data.ms

120000
110000
100000
90000
80000
70000
60000
50000
40000
30000
20000
10000

1321

1
¢y

159.1

1781
189.1

|h,k5_§1 || i

! 2121
L, .||h |.|

239.1

27

262.1

2T7.s
"

3041

3549

4289

446.1

Imjz—>

1036 q152
421 770
s s, 70 L ||||| .

T T
40 60 80 'IdO 'I 0 140

180 18!]

202.
200

220

240

260

2893 |l 3148 3263 3409

%0 3k 30

440





