[image: image1]Simultaneous Determination of Active Clinical Components of Teicoplanin and Ramoplanin in Environmental Water by LC-MS/MS Coupled With Cascade Elution

		METHODS
published: 07 December 2021
doi: 10.3389/fenvs.2021.785408


[image: image2]
Simultaneous Determination of Active Clinical Components of Teicoplanin and Ramoplanin in Environmental Water by LC-MS/MS Coupled With Cascade Elution
Hui Jin1,2, Cheng Zhao1, Yi Yin1,2*, Guangming Zheng1,2, Lichun li1, Qi Shan1,2, Meiyu Zhang1, Linting Wei1, Xiaona Shi1,2, Heqing Huang1, Wenjing Zhang1 and Shugui Liu1
1Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou, China
2College of Food Science and Technology, Shanghai Ocean University, Shanghai, China
Edited by:
Orsolya Valkó, Hungarian Academy of Science, Hungary
Reviewed by:
Bo Cheng, Chinese Academy of Fishery Sciences (CAFS), China
Zhe Jiao, Dongguan University of Technology, China
Jincan He, Guangdong Pharmaceutical University, China
Yi Zhang, Shenzhen Polytechnic, China
* Correspondence: Yi Yin, yin.yi@126.com
Specialty section: This article was submitted to Conservation and Restoration Ecology, a section of the journal Frontiers in Environmental Science
Received: 29 September 2021
Accepted: 08 November 2021
Published: 07 December 2021
Citation: Jin H, Zhao C, Yin Y, Zheng G, li L, Shan Q, Zhang M, Wei L, Shi X, Huang H, Zhang W and Liu S (2021) Simultaneous Determination of Active Clinical Components of Teicoplanin and Ramoplanin in Environmental Water by LC-MS/MS Coupled With Cascade Elution. Front. Environ. Sci. 9:785408. doi: 10.3389/fenvs.2021.785408

A simple, sensitive, and simultaneous method was established and validated for the active clinical components of teicoplanin and ramoplanin in environmental water by LC-MS/MS coupled with cascade elution. Moreover, a cascade elution method, which was rapid, solvent-less, and high-extraction efficient was successfully proposed to realize the extraction and purification of seven targets in one step. Under optimized conditions, the method showed excellent linearity with the correlation coefficient (R2) ≥0.998 in the range of 1.0–100.0 ng L−1. Low matrix effects and good recoveries which ranged from 86 to 114% were reached with RSDs lower than 3.0% for most targets. The limits of detection and limit of quantification were 0.1–1.3 and 0.3–4.0 ng L−1, respectively. This method was successfully applied for the determination of teicoplanin and ramoplanin in water samples from the Pearl River and the South China Sea. TA2-2,3 was quantified in only one sample with the concentration of 8.0 ng L−1.
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INTRODUCTION
Antibiotics are an effective approach for the treatment of various bacterial infections and animal growth promotion. However, the overuse of antibiotics leads to increased antibiotics residues in the environment, thereby increasing drug resistance, which has become a global issue (Carvalho and Santos, 2016; United Nations (UN), 2016). In the past 10 years, glycopeptide antibiotics have been incrementally used as the last resort for the clinical treatment of serious Gram-positive bacterial infections (Wilson, 2000; Binda et al., 2014). Among glycopeptide antibiotics, teicoplanin (TEC) and ramoplanin (RAM) are commonly used and studied antibiotics in clinical settings (Farver et al., 2005; Tanwar et al., 2014). TEC, extracted from Actinoplanes teichomyceticus, is used to treat various serious Gram-positive bacterial infections, especially methicillin-resistant Staphylococcus aureus (MRSA) infections (Cavalcanti et al., 2010). Similarly, RAM is a novel antibiotic with unique antibacterial mechanisms and significant activities against MRSA and vancomycin-resistant Clostridium difficile (Farver et al., 2005). However, its widespread clinical applications pose a potential threat to environmental water. The glycopeptide was present in environmental water from 12.68 to 24.25 μg L−1 (Soran et al., 2017). TEC and RAM are transferred to the environmental water through various transfer pathways, including the pharmaceutical factory wastewater, laboratory waste, hospital wastewater, and domestic sewage (Feng et al., 2020). The TEC contents in patient feces (de Lalla et al., 1992) and urine (Riva et al., 1987) were 118–2413 and 0.1–10 mg L−1, respectively. The residues of TEC and RAM could induce antibacterial resistance through agricultural irrigation, aquaculture, and direct drinking (Sartelli, 2010; WHO, 2014). These residues, even at a lower concentration, are a threat to the microbial flora and aquatic animals, increasing the risk of aquatic ecological imbalance (Roose-Amsaleg and Laverman, 2016; Grenni et al., 2018). To the best of our knowledge, very few methods have been reported for the analysis of TEC and RAM in environmental water. Therefore, it is of great significance to establish a reliable detection method for TEC and RAM in environmental water.
TEC and RAM have high molecular weight and multicomponent substances, which primarily contain cyclic polypeptides (connected by some amino acids), glycosyl groups, and lipophilic side chains. TEC, mainly composed of TA2-1, TA2-2, TA2-3, TA2-4, TA2-5, and TA3-1, has similar structures but diverse antibacterial activities (Parenti et al., 1978). Ramoplanin is a mixture of three components, namely, ramoplanin A1–A3 (RA1, RA2, and RA3). RA2 is used individually in the clinical application due to its unique antibacterial activities (Cavalleri, 1984). Thus, TA2-1, TA2-2, TA2-3, TA2-4, TA2-5, and TA3-1 in TEC and RA2 in RAM were selected as the analytical objects to improve the practicality and efficiency of the analysis.
So far, many analytical methods have been developed for the determination of TEC and RAM, including amicrobiological assay (Awni et al., 1991), fluorescence polarization immunoassay (Xu and Käll, 2002; Ali et al., 2020), nano-gold fluorescence assay (Teepoo et al., 2013), micellar electrokinetic chromatography (Tsai et al., 2009), HPLC-UV (Riva et al., 1987), HPLC-ELSD (Song et al., 2018), and LC-MS/MS (Ewles et al., 2011; Begou et al., 2017). Among these methods, LC-MS/MS has the unique advantages of high sensitivity, high selectivity, and stability for multicomponent glycopeptide antibiotics. Hence, it is regarded as the gold standard for traceability and quality (Castro-Puyana et al., 2017). Begou et al. (2017) introduced the LC-MS/MS method for determining teicoplanin (TA2-2). Ewles et al. (2011) validated a bioanalytical method for the quantification of RAM using LC-MS/MS. Thus, LC-MS/MS was selected in this study.
The solid phase extraction method is a simple, efficient, and mature pretreatment technology for trace-level analysis of antibiotics in environmental water, enriching the analytes and removing impurity interference (Ongay et al., 2012; Sadutto and Picó, 2020). However, a simple elution usually cannot obtain a good elution rate for all targets simultaneously in terms of different multicomponent or multi-type antibiotics (Kang et al., 2010; Wei et al., 2014; Botero-Coy et al., 2018). The cascade elution is based on a profound understanding of all targets. First, all targets are classified and ranked in advance according to some attributes, such as polarity and pKa, and then one or a series of solvent systems is designed for accurate extraction of targets. Secil Yilmaz Turan classified the ingredients in wheat bran, ensured the extraction sequence of these compounds, and used a cascade method to obtain good extraction of proteins and feruloylated arabinoxylans (Yilmaz-Turan et al., 2020). Paola Imbimbo also separated active phycocyanin and fatty acids from Galdieria phlegrea through the cascade method (Imbimbo et al., 2019). The cascade method is rapid, solvent-less, and highly efficient, which was successfully proposed to realize the extraction and purification in one step. In this study, the conditions of instrument and pretreatment were optimized. The cascade elution method was developed for detecting the active clinical components of teicoplanin and ramoplanin in environmental water by LC-MS/MS. This method was applied to real environmental samples, including river water, lake water, aquaculture water, and sea water.
MATERIALS AND METHODS
Reagents and Materials
Acetonitrile (ACN), methanol (MeOH), ethyl acetate (EAC), and cyclohexane (CYH) of LC-MS grade were obtained from Merck (Darmstadt, Germany). Other solvents, including formic acid (FA), ammonium acetate, and ammonium hydroxide solution (25–28%), were obtained from Tokyo Chemical Industry (Tokyo, Japan), Aladdin (Shanghai, China), and Macklin (Shanghai, China), respectively. Glass microfiber filters (GF/F grade) were purchased from Whatman (Buckinghamshire, United Kingdom). Ultrapure water (18.2 μs cm−1 at 25°C) was prepared by the Genie 15 system of RephiLe (Shanghai, China). Sep-pak@vac C18 SPE cartridge (200 mg, 3 ml), Oasis HLB SPE cartridge (200 mg, 6 ml), and Oasis WCX SPE cartridge (200 mg, 6 ml) were supplied by Waters (Milford, MA, United States). Superlclean SCX SPE cartridge (500 mg, 3 ml) was supplied by Superlco Corporation (Beffefonte, United States). BE Carbon-300NH2 SPE cartridge (500 mg, 6 ml) and Bond Elut-SAX (500 mg, 6 ml) were purchased from Agilent technologies (CA, United States). The solid-phase extraction procedure was performed using 24-port Visiprep SPE vacuum manifold with a minipump from Agela (Tianjin, China).
Standards and Stock Solution
Teicoplanin (TEC, purity 98%, containing TA3-1, TA2-1, TA2-2, TA2-3, TA2-4, and TA2-5) was purchased from Standards (Shanghai, China) and ramoplanin (RA2, purity 99%) was purchased from TRC (Toronto, Canada). The internal standard polymyxin B sulfate (PMB, purity 91%) was obtained from Dr. Ehrenstrofer GmbH (Augsburg, Germany). The stock solutions (1.0 mg ml−1) for RA2, TEC, and PMB were prepared by 0.1% FA aqueous solution and stored in the dark for 3 months at −20°C. The mixed standard working solution (10.0 μg ml−1 for TEC and RA2) and the internal standard (1.0 μg ml−1) were prepared by diluting each stock solution with MeOH-0.1% FA aqueous solution (50:50, v/v) in a brown glass bottle and stored at 4°C for a month.
Mass Spectrometry
The Agilent 6470B triple quadrupole mass spectrometric system was employed for mass spectrometry condition analysis. The electrospray ionization (ESI) source in the positive ion mode was selected for the analytes. The following mass spectrometer parameters were adopted: drying gas temperature, 300°C; the flow rate of drying gas, 5 L min−1; nebulizer gas pressure, 35 psi; sheath gas temperature, 325°C; the flow rate of sheath gas, 9 L min−1; capillary positive voltage, 3500 v; and nozzle-positive voltage, 500 v. The multiple reaction monitoring (MRM) mode was used to analyze each component. The detailed optimal parameters of the mass spectrum, including fragmentor, collision energy, cell accelerator voltage, and mass transitions, are listed in Table 1. The data were handled by Agilent MassHunter qualitative analysis 10.0 and Agilent MassHunter quantitative analysis for QQQ 10.1 equipped with the system.
TABLE 1 | MRM parameters of all target peaks and the internal standard.
[image: Table 1]Liquid Chromatography
The Agilent 1290 UHPLC system was employed to optimize the liquid chromatography conditions. The SB C18 REHD 2.1 × 100 mm (1.8 µm) column (Agilent Technologies, United States) was applied for chromatographic separation. The injection volume was 10 μL, and the autosampler tray temperature was stabilized at 20°C, whereas the column oven was maintained at 35°C. The mobile phase consisted of water (A) and acetonitrile (B), containing 0.1% (v/v) formic acid (FA). The total analysis time was 4 min at a flow rate of 0.35 ml min−1. All the analytes were well-separated sequentially under the following linear gradient: 0 ∼ 0.5 min, 5% B; 0.5 ∼ 1.5 min, 5–30% B; 1.5 ∼ 2.4 min, 30–40% B; 2.4 ∼ 3 min, 95% B; and 3 ∼ 4 min, 5% B. The chromatogram of each component is shown in Figure 1. (The chromatograms of real water matrix at the spiked concentration of LOQs for each target are shown in Supplementary Figure S1).
[image: Figure 1]FIGURE 1 | Representative chromatograms obtained from the calibrator standard at 100 ng ml–1 for teicoplanin, ramoplanin, and the internal standard. A1, A2, B1, B2, C1, C2, D1, D2, E1, E2, F1, and F2 refer to TA3-1 (782.4/204), TA3-1 (782.4/137.8), TA2-1 (939.9/316.2), TA2-1 (939.9/298.1), TA2-2,3 (940.3/316.3), TA2-2,3 (940.3/204.1), TA2-4,5 (947.7/330.1), TA2-4,5 (947.7/203.9), RA2(1277.7/1196.7), RA2 (1277.7/1115.6), IS (402.1/101.1), and IS (402.1/123.1), respectively.
Sample Preparation
The HLB cartridge was selected to enrich and purify the sample after filtering by 0.7-µm glass microfiber filters. First, the HLB cartridge was activated with 1 ml methanol and equilibrated with 1 ml water. Then, the 1-L sample with 20 ng L−1 internal standard was automatically loaded onto the SPE device through a vacuum pump at a flow rate of 2 ∼ 3 ml min−1. After sample loading, it was washed with 1 ml of water and eluted with 1 ml of methanol and 1 ml of 20% (v/v) methanol water (containing 0.5% formic acid) sequentially at a flow rate of 0.5 ml min−1. Finally, the eluent was determined by the LC-MS/MS method after being vortexed.
Matrix Effect
The matrix effect (ME) is usually caused by the matrix components extracted with the analyte, which could inhibit or enhance the ionization response of the analyte under ESI conditions. It is calculated by comparing the slope of the standard curve (Rstandard) with the slope of the matrix standard curve (Rmatrix), as per the formula [(Rmatrix- Rstandard)/Rstandard] × 100%. A positive value of the ME refers to the signal enhancement of targets, while a negative value indicates signal suppression. Overall, the ME around −20∼20, −20 ∼ −50, or 20–50% and > ±50% shows weak, moderate, and strong matrix effects, respectively (Economou et al., 2009).
RESULTS AND DISCUSSION
Mass Spectrometry Optimization
Jaewan Jung (Jung et al., 2019) used PMB as the internal standard of TEC due to lack of hydrogen isotope internal standard of TEC and RAM. Based on the similar structures of TEC and RAM, PMB was selected as the internal standard for this study. The electrospray ionization (ESI) source operating conditions were optimized by injecting 1.0 μg ml−1 of the analyte solution. First, the most abundant m/z value was selected as the precursor ion through the full-scan mass spectrum. The positive ESI mode was selected due to weak signal or no signal of targets in the negative ESI mode (Peteghem et al., 2003). Unlike some single small molecules, TEC and RAM produced abundant interfering fragments, interference between components, and relatively low molecular ions with different charges. It was inferred that they do not exist in the standard substance or do not completely dissolve in the solvent. Furthermore, the 0.1% formic acid aqueous solution, water, methanol, and acetonitrile were compared to obtain a fine solvent of targets. The results showed that the 0.1% formic acid aqueous solution was the best. Then, the [M + H]+ ion, [M + 2H]2+ ion, and [M + 3H]3+ ion of each target were compared to obtain the most abundant ion. The [M + 2H]2+ ion was found with a best response toward TEC and RAM, and the [M + 3H]3+ ion was most suitable for PMB among these three ions due to its strong response intensity. Since each mass spectrum has different resolutions, the ions with the closest mass-charge ratio to the theoretical precursor ions and the highest response value were selected as the actual precursor ions. At the same time, the full scanning spectrum generated by multiple injections was confirmed. Later, these precursor ions were used to produce the daughter ions, and each analyte was monitored by one precursor ion and two daughter ions. The fragmentor, collision energy, cell accelerator voltage, and other parameters were optimized. Also, the best ESI conditions, such as sheath gas temperature and the flow rate of sheath gas, were acquired. It was worth noting that TA2-2 and TA2-3 were a pair of isomers with the same mass spectrum performance and TA2-4 and TA2-5 were also the same.
Chromatographic Optimization
SB-C18 1.8 μ m 2.1 × 100 mm was selected to obtain good sensitivity and peak shape. Then, methanol and acetonitrile were contrasted for the elution experiment. Acetonitrile exerted a better separation effect for each component. It was showed that 0.1% formic acid improved the peak shape in Figure 2, by comparing with 0.2% formic acid and 10 mM ammonium acetate. The best elution procedures were obtained by adjusting the elution ratio and gradient, testing the column equilibrium time, washing time, and the stability of the column separation. The flow rate of the mobile phase and column temperature was also obtained to ensure the efficiency of the analysis and the separation ability.
[image: Figure 2]FIGURE 2 | Effect of different additives on the sensitivity of the analytes. (A–D) refer to the mobile phases without formic acid, the mobile phases with 0.1% formic acid, the mobile phases with 0.2% formic acid, and the mobile phases with 10 mM ammonium acetate.
Optimization of Sample Pretreatment
Selection of the SPE Column
TEC and RAM are amphoteric compounds with strong polarity, which are easily soluble in water and hardly dissolve in nonpolar solvents. The pKa of teicoplanin is 5.66, but of RAM is 8.0 (Bardone et al., 1978; Cavalleri et al., 1984). Six kinds of SPE columns, including C18 SPE cartridge, HLB SPE cartridge, SCX strong cation exchange cartridge, WCX weak cation exchange cartridge, carbon-300NH2 forward amino extraction cartridge, and SAX weak anion exchange cartridge, were selected to extract 5 ml of the 10-μg ml−1 mixed standard solution. SCX, WCX, and carbon-300NH2 had low recovery (less than 30%) as teicoplanin was slightly acidic and lost loading. As shown in Figure 3A, the adsorption and elution ability of the HLB SPE cartridge (86.09–106.4%) was better than that of the C18 SPE (58.91–81.91%) and SAX SPE cartridges (34.89–65.01%) for all targets. Thus, the HLB SPE cartridge was selected for the SPE column. The optimal activation (in Supplementary Figure S2) and washing (in Supplementary Figure S3) procedures of SPE are summarized in the supplementary information.
[image: Figure 3]FIGURE 3 | Optimization of SPE procedures. (A) for SPE columns; (B) for concentrations of formic acid in eluent A, formic acid of A means the concentrations of formic acid in methanol; (C) for contents of methanol in eluent B, methanol of B mean the concentrations of methanol in water; (D) for contents of formic acid in eluent B, formic acid of B means the concentrations of formic acid in 20% methanol water.
Optimization of Cascade Elution
The cascade elution was designed carefully according to the TEC and RAM characteristics. TEC and RAM showed good water solubility and strong polarity. TA3-1 has strong polarity due to the lack of long lipophilic side chains in the six main components of TEC. Compared with TEC, RAM possesses good hydrophilic property on account of dispersed benzene rings and more hydrophilic groups, including amino, imino, carbonyl, and phenolic hydroxyl. Thus, TA2-1, TA2-2, TA2-3, TA2-4, and TA2-5 with low polarity were eluted as the first type of the targets (A). Then, RA2 and TA3-1 were eluted as the second type of the targets (B). Methanol possesses a strong elution ability compared with that of other pure solvents in SPE. Formic acid and water have good polarity and could produce competitive hydrogen bonding with the targets. Hence, one or a series of solvent systems similar to the polarity of the target substance was prepared by adjusting the proportions of methanol, formic acid, and water to ensure good purification.
First, methanol and different acidic concentrations of methanol were compared to achieve good elution efficiency of TA2-1, TA2-2, TA2-3, TA2-4, and TA2-5. As shown in Figure 3B, methanol was the best (83.9–96.74%). Additionally, with the increase in acidity, the elution efficiency of TA2-4 and TA2-5 dropped from 96.7 to 67.4%, whereas the elution efficiency of TA2-1, TA2-2, and TA2-3 was stable at around 82%. Notably, the elution efficiency of TA3-1 increased from 41.7 to 61.9%, and the elution efficiency of RAM increased from 7.7 to 41.0% under this condition, indicating that formic acid improved the elution efficiency of TA3-1 and RAM. The reason could be the acidity of the solvent close to pKa of phenolic hydroxyl or carboxyl in the molecule. It is noteworthy that the excessive use of the extractant could be helpful to the elution efficiency of the targets and might extract more impurities. With the increase in methanol, the elution efficiency of all the components increased slowly with less than 2% growth, as shown in Supplementary Figure S4. Therefore, 1 ml was considered as the most suitable elution volume.
Then, RA2 and TA3-1 were isolated from the HLB SPE cartridge. Remarkably, the increase in formic acid might lead the elution efficiency of RAM and TA3-1 to 80%. Meanwhile, it might cause their degradation and not reach satisfactory recovery (Wang et al., 2020). Thus, a solvent with suitable polarity was explored by adjusting the proportion of methanol, water, and formic acid. As shown in Figure 3C, with the increase in methanol proportion, the elution efficiency of TA3-1 increased and then declined from 103.4 to 40.4%, while the elution efficiency of RA2 dropped after the methanol proportion was increased by 50%. Moreover, RA2 and TA3-1 acquired the best elution efficiency by 20% methanol aqueous solutions. Afterward, different concentrations of formic acid were added with 20% methanol aqueous solutions. As shown in Figure 3D, the elution efficiency of RA2 and TA3-1 increased by 0–0.5% formic acid and decreased by 0.5–5% formic acid, especially TA3-1. Furthermore, the 20% methanol aqueous solution with 0.5% formic acid had the optimal recoveries (102.0–102.5%). Hence, it was confirmed as the second eluent of the cascade elution (optimization of the elution volume is shown in Supplementary Figure S5). Finally, the cascade elution was validated and it achieved the best elution, compared with 20% methanol (containing 0.5% formic acid) and methanol (Figure 4). The whole elution process takes 4 min, and only 1.2 ml of methanol is used.
[image: Figure 4]FIGURE 4 | Comparison of the cascade elution and other simple modes of SPE procedures. M1, M2, and M3 means methanol, 0.5% FA in 20% methanol, water, and cascade elution (methanol and 0.5% FA in 20% methanol water), respectively.
Method Validation
The method was evaluated by the linearity, sensitivity, accuracy, and precision in real samples under the best conditions. Ultimately, the effectiveness and applicability of the method were ensured.
Linearity and Sensitivity
The linearity of this method was assessed by the correlation coefficient obtained from the calibration equation. As summarized in Table 2, the correlation coefficient (R2) of all components was greater than 0.998, with the linear range of 1–100 ng ml−1. The sensitivity was evaluated by the limit of detection (LOD) and limit of quantification (LOQ). Specifically, the LOD is defined by the signal-to-noise ratio (SNR) of 3 and the LOQ is calculated by the SNR of 10. The results suggested that the LODs and LOQs of all analytes were in the ranges of 0.1–1.3 and 0.3–4.0 ng L−1, respectively. The detailed procedures are demonstrated in Table 2, which indicated that this method had good selectivity, satisfactory linearity, and significant sensitivity.
TABLE 2 | Linearity, sensitivity, and matrix effects of the developed method for analytes.
[image: Table 2]Precision and Accuracy
The precision and accuracy of this method were expressed as the relative standard deviations (RSDs) and recoveries, respectively. The spiked samples with three different concentrations were prepared using two different spiked samples, namely, sea water and river water. They were measured repeatedly after sample pretreatment. In Table 3, the intra-day and inter-day precision of all components in different samples were 0.5–3.0% and 0.4–2.8%, respectively. Furthermore, the recoveries of all targets in the intra-day and inter-day were 86.0–114.5% and 86.1–113.9%, respectively. Thus, this method had good precision and high accuracy.
TABLE 3 | Precision and recovery of analytes in two samples (n = 9).
[image: Table 3]Matrix Effect
In trace analysis, the influence of the matrix effect is not negligible. In the environmental water, water usually dissolves many organic and inorganic substances, including human medicines, nursing products, veterinary medicines, and industrial products. Therefore, two kinds of matrix samples were used to prepare a calibration working curve to determine, and the results are shown in Table 2. The matrix effect range of all components of TEC in sea water and river water was −17 ∼ −34%, indicating the presence of medium ion inhibition in the enriched samples. The matrix effect range of RAM in sea water and river water was −10 ∼ −13%, illustrating the presence of weak ion inhibition. The cascade elution method used a small volume of the solvent to efficiently elute the targets, leaving most of the impurities in the HLB SPE cartridge. Thus, a low matrix effect was obtained in this method.
Applications to the Real Sample
Since the coastal cities have developed industries, large urban populations and high consumption of antibiotics and their water resources are seriously threatened, affecting the entire water ecological environment once they flow into the sea. Thus, the samples were randomly collected from water resources, such as river water, lake water, aquaculture water, and sea water. The aquaculture water was collected from the Pearl River Basin (including Pearl River inlet, middle Pearl River, and Pearl River outlet). These water samples were collected in a 1-L brown glass bottle and stored at 4°C in the laboratory. Every sample was acquired by a 2-L professional sampler in accordance with the principles of random sampling. TA2-2,3 was found, and the concentration was 8 ng L−1 in one of these samples. The results showed that the method could be used for determining real complex samples.
CONCLUSION
In this study, a new method, based on the cascade elution procedure, has been developed for the simultaneous determination of seven active clinical components of TEC and RAM in environmental water. Additionally, a cascade method was successfully applied for elution and purification in only 4 min, showing selectivity and effectiveness. Moreover, the combination of the cascade elution with LC-MS/MS is fast and accurate for environmental water, as the consumption of the organic solvent is reduced in one step of the method. The proposed method was applied for the quantitative analysis of multiple environmental water samples. To the best of our knowledge, this is the first time that TA2-2,3 was detected in the lake of China with the concentration of 8 ng L−1.
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