Accepted manuscript version 

Journal of Chromatography A Open Access Volume 1524, Pages 283 – 289 17  November 2017
DOI for the Published journal article (PJA) is 10.1016/j.chroma.2017.09.075

Fully Compatible and Ultra-Sensitive Micellar Electrokinetic Chromatography-Tandem Mass Spectrometry Using Sheathless Porous-Tip Interfacing
David Moreno-González1, Rob Haselberg2*, Laura Gámiz-Gracia1,

Ana M. García-Campaña1, Gerhardus J. de Jong3, Govert W. Somsen2
1 Department of Analytical Chemistry, Faculty of Sciences, University of Granada, Campus Fuentenueva, E-18071 Granada, Spain

2 Division of BioAnalytical Chemistry, AIMMS research group BioMolecular Analysis, Faculty of Sciences, Vrije Universiteit Amsterdam, de Boelelaan 1085, 1081 HV Amsterdam, The Netherlands 

3 Biomolecular Analysis, Utrecht University, Universiteitsweg 99, 3584 CG Utrecht, The Netherlands

* Corresponding author:
Division of BioAnalytical Chemistry, AIMMS research group BioMolecular Analysis, Faculty of Sciences, Vrije Universiteit Amsterdam, de Boelelaan 1085, 1081 HV Amsterdam, The Netherlands: 

Phone: +31205987536
E-mail: r.haselberg@vu.nl
Abstract 
The on-line coupling of micellar electrokinetic chromatography and mass spectrometry (MEKC-MS) is often hampered by incompatibility problems leading to reduced separation performance and unfavorable limits of detection (LODs). Here we propose a new selective and highly sensitive MEKC-MS/MS method employing a sheathless porous-tip interface in combination with a micellar phase comprised of semi-volatile surfactant molecules. Carbamate pesticides (CRBs) were selected as representative model compounds being neutral toxic pollutants potentially present at trace levels in environmental water samples. A background electrolyte of 75 mM perfluorooctanoic acid adjusted to pH 9.0 with ammonium hydroxide allowed efficient separation of 15 CRBs and appeared fully compatible with electrospray ionization (ESI)-MS. Interfacing parameters, such as the distance between the capillary tip and mass-spectrometer inlet, ESI voltage, and dry gas temperature and flow were optimized in order to attain good spray stability and high analyte signal-to-noise ratios. For CRBs the LODs ranged from 0.2 to 3.9 ng L−1 (13 nL injected, i.e., 2% of capillary volume), representing an improvement for certain CRBs of more than 300-fold when compared with conventional sheath-liquid interfacing. Good linearity (R2 > 0.99) and satisfactory reproducibility were obtained for all CRBs with interday RSD values for peak area and migration time of 4.0-11.3% and below 1.5%, respectively. Analysis of spiked mineral water showed that the new MEKC-MS/MS method allows selective and quantitative determination of CRB concentrations below the maximum residue limit of 100 ng L−1 without the need for sample preconcentration. 
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1. Introduction

Micellar electrokinetic chromatography (MEKC) is a powerful mode of capillary electrophoresis (CE), which enables separation of neutral components by analyte partitioning between an aqueous and a pseudo-stationary phase (PSP) of charged micelles. Today, the availability of mass spectrometric (MS) detection is imperative for separation techniques applied in biomedical and environmental analysis. Molecular mass assessment of components strongly adds to unambiguous peak assignment, and permits unresolved constituents to be distinguished. Moreover, high-resolution MS and/or MS/MS techniques can provide structural information on unknown compounds. Unfortunately, coupling of MEKC with electrospray ionization (ESI) MS is problematic, because commonly used surfactants, such as e.g. sodium dodecyl sulfate (SDS), are nonvolatile and cause serious analyte-ion suppression and ion-source contamination (
,
). So far, MEKC-ESI-MS has mainly been achieved by partial filling and reverse-migrating-micelle methods, in which the surfactant molecules are prevented from entering the ion source of the mass spectrometer (
). However, as the choice of experimental conditions is restricted, the separation performance of these systems often is sub-optimal and specific optimization is needed for each analyte.
Direct coupling of SDS MEKC and ESI-MS has shown feasible, but analyte sensitivity was compromised due to detection interferences (2). Alternative ionization techniques, such as atmospheric pressure photoionization (APPI) and chemical ionization (APCI) have demonstrated much better compatibility with SDS MEKC (
,
). Nevertheless, with these ionization techniques limits of detection (LODs) in concentration units are mediocre, as they are mass sensitive approaches. Direct on-line MEKC-MS has also been achieved using high-molecular-weight PSPs (
,
,
,
) and volatile surfactants (
,
). The latter PSPs are particularly attractive for MS detection, as ion suppression and source contamination can be largely circumvented. Fluorinated surfactants, such as ammonium perfluorooctanesulfonate and ammonium perfluorooctanoate (APFO), form micelles in aqueous environment and can be used as PSPs for MEKC. The fluorocarbon chain provides low surface energy, related to low inter-molecular interactions (
) and high volatility (
), making the surfactants well suitable for use in combination with ESI-MS (10). The feasibility of MEKC-MS employing APFO has been demonstrated for a variety of analytes (10,11,
,
,()
,

,

), showing good results in terms of analyte resolution, ESI-MS compatibility and sensitivity. For APFO MEKC-MS, LODs down to the sub-ng mL-1 level have been reported. Still, application of analyte preconcentration prior to MEKC-MS often will be needed to meet sensitivity requirements in bioanalysis and environmental analysis.
So far, almost all reported MEKC-MS methods employed a sheath-liquid in order to close the electrical circuit needed for CE, while providing the solvent and flow rates required for conventional ESI sources. Sheath-liquid interfacing ensures stable and convenient CE-MS coupling, however, due to the significant dilution of the capillary effluent by the sheath liquid, the detection sensitivity is inherently compromised (
). The dilution can be circumvented using so-called sheathless CE-MS interfacing, in which the terminating electrical contact is achieved by transforming the outlet part of the CE capillary tip in a conductive material. As CE flow rates are very low, ESI can take place in the nanospray regime, rendering sheathless interfaces very sensitive. However, sheathless MEKC-MS employing fused-silica capillaries has hardly been reported (20). This may be related to the fact that the manufacturing process and handling of sheathless interfaces can be complex and poorly reproducible, and that the vast majority of sheathless interfaces have remained prototypes without commercial application (
,
).

Recently, Sciex (formerly Beckman Coulter) developed a sheathless CE-MS interface based on a porous-tip design proposed by Moini (
,
).The usefulness of this sheathless sprayer in CE-MS was extensively demonstrated for the determination of a variety of analytes, such as tryptic protein digests, histones, glycopeptides, biopharmaceuticals, and metabolites (
,
,
,
,
,
). So far, one study has reported on the use of porous tip sheathless interfacing for MEKC-MS (20). High explosives were analyzed employing APFO as both surfactant and complexation reagent for negative ionization, yielding sub-ppm LODs.
In the present study, we evaluated the potential of porous-tip sheathless interfacing for MEKC-MS with the objective to attain LODs in the low ng L-1 (ppt) range. In order to achieve full compatibility with positive ESI-MS detection, APFO was selected as a surfactant creating a volatile PSP for MEKC separations. The performance of the system was optimized and studied using carbamate (CRB) pesticides - toxic environmental pollutants - as predominantly neutral test compounds (
,
). MEKC-MS/MS system parameters were optimized with focus on interfacing conditions and MS settings in order to reach high analyte signal-to-noise ratios (S/Ns). The applicability of the final method was evaluated by the analysis of mineral water spiked with CRBs at the maximum residue limit. The results were compared in terms of sensitivity, precision and resolution with a previously reported sheath-liquid MEKC-ESI-MS/MS method (18).

2. Material and methods
2.1. Chemicals and Materials 
Ammonium hydroxide was from VWR (West Chester, PA, USA). Water was deionized and purified with a Milli-Q purification system (Millipore, Belford, USA). Acetone (ACO), methanol (MeOH) (LC-MS Chromasolv grade) and perfluorooctanoic acid were supplied by Sigma Aldrich (St. Louis, MO, USA). The APFO background electrolyte (BGE) for MEKC was prepared by titrating a solution of 75 mM perfluorooctanoic acid with ammomium hydroxide to pH 9.0. Pestanal grade analytical standards of carbofuran (CF), carbaryl (CAR), methiocarb (MTH), promecarb (PR), oxamyl (OX), aldicarb (ALD), propoxur (PX), asulam (ASL), benomyl (BY), napropamid (NP), carbendazim (CBZ), ethiofencarb (ETH), aldicarbsulfoxide (ALDSFX), carbosulfan (CSF), benthiocarb (BTH) and fenoxycarb (FNX) were supplied by Fluka (Steinheim, Germany). Individual stock solutions (3000 mg L-1, except for BY and CBZ, 250 mg L-1) were prepared in MeOH and were stable for at least 4 months when stored in the dark at 4 °C. Working mixtures containing all the CRBs were freshly prepared by proper mixing and dilution of the stock solutions. Final mixtures contained 57 mM of APFO.
2.2. CE-MS instrumentation 
CE experiments were carried out with a PA 800 plus instrument from Beckman Coulter (Brea, CA, USA). Separations were performed using a bare fused-silica capillary with a porous tip with an i.d. of 30 µm, an o.d. of 150 µm, and a length of 90 cm (Sciex Separations, Brea, CA). The porous section of the capillary is inserted into a housing comprising a stainless steel cylinder with a retractable outer head (Figure S-1), as described in detail previously (
,
). MS was performed using an Agilent Technologies 6330 Series XCT ion trap (IT) mass spectrometer equipped with a nanospray endplate and gas diverter. The MS instrument was controlled by a PC running Esquire software 4.1 from Bruker Daltonics (Bremen, Germany). 
2.3. CE conditions
The APFO BGE was also used as conductive liquid. The separation voltage was 24 kV and the capillary was thermostated at 23 ºC. The sample was hydrodynamically injected for 15 s at 5 psi (approximately 2% of the capillary volume). At the beginning of each experimental session, the separation and conductive liquid capillaries were rinsed with 1 M ammonium hydroxide by applying a pressure of 50 psi for 3 min, respectively. Subsequently, the separation and conductive liquid capillary were flushed and filled with BGE at 50 psi for 3 and 0.5 min, respectively. Between runs, the same flushing procedure was repeated. At the end of an experimental session, the separation and conductive capillaries were rinsed with water during 5 min at 50 psi.
2.4. MS and MS/MS conditions
The mass spectrometer was operated in the positive ion mode and scanned from 85-385 m/z at 13000 (m/z)/s. The IT parameters were selected in ion charge control mode using a target of 30000, a maximum accumulation time of 200 ms, and 5 averages per experiment. In MS/MS experiments, the maximum accumulation time was set at 50 ms with 2 averages per experiment, using a target of 50000. Fragmentation was carried out by means of collision induced dissociation (CID) with helium for 40 ms in multiple reaction monitoring (MRM) mode. Parameters affecting the sensitivity of MS detection such as capillary voltage, skimmer, cap exit, Oct 1 DC, Oct 2 DC, Trap drive, Oct RF, Lens 1 and Lens 2 were optimized by direct infusion, filling the capillary with each analyte dissolved in the BGE and applying a pressure of 11 psi with sheathless ESI parameters already optimized. Optimized MS/MS settings are listed in Tables S-1 and S-2. Upon ESI, most CRBs were observed as [M+H]+ ion, except for ALD which yielded a strong fragment ion at [M-74]+ as previously described (
). As permitted by European legislation, for CBZ and BY an overall signal was considered as BY readily degrades to CBZ and butyl isocyanate (
). The optimal interface conditions were: electrospray voltage, 1.3 kV; dry gas flow rate, 4.0 L min-1; dry gas temperature, 180 ºC; distance porous tip to end plate, 1.8 mm.
2.5. Sheath-liquid MEKC-MS
Sheath-liquid MEKC-MS was performed as described previously (18). Shortly, separations were carried out in a bare fused-silica capillary (70.5 cm total length, 50 µm i.d., 375 µm o.d.) from Polymicro Technologies (Phoenix, AZ, USA). Injections were performed at 2 psi for 11 s (approximately 2% of the capillary volume). A coaxial sheath-liquid sprayer (Agilent Technologies) was used for MEKC-MS coupling. The fused-silica capillary was mounted in such a way that the tip just protruded from the surrounding steel needle half of the capillary o.d. The sheath liquid consisted of 2-propanol:formic acid (99.9:0.1, v/v) and was delivered at a flow rate of 100 µl h−1 by a KD Scientific 100 series syringe pump (KD Scientific Inc.; Holliston, MA, USA). The optimal interface conditions were: electrospray voltage, 4.8 kV; nebulizer pressure, 12 psi; dry gas flow rate, 8 L min−1; and dry gas temperature, 180 °C. The rest of conditions were identical to the sheathless method.
3. Results and discussion
3.1. Optimization of sheathless porous-tip interfacing
Most of the test CRBs are neutral in a wide pH range, and consequently require the use of a PSP for their CE-based separation. A previous study on the analysis of CRBs by sheath-liquid MEKC-MS employing APFO, showed that optimal separation was achieved using a BGE of 75 mM perfluorooctanoic acid adjusted to pH 9.0 with ammonium hydroxide (18). This BGE was taken as a starting point for the current study.
In order to find optimal spray conditions for sheathless MECK-MS, the effect of the applied ESI voltage, capillary tip position, dry gas temperature and dry gas flow was studied (30,34,
). A solution of CF (200 ng L-1) in the APFO BGE was infused into the ion source through the porous-tip capillary by applying a constant pressure of 11 psi, inducing a flow rate of about 100 nL min-1 (resembling the EOF velocity generated using this BGE). The ESI-MS signal of CF was monitored during 5 min for each tested condition. The influence of the distance between the capillary tip and the MS inlet (0 to 5 mm in steps of 0.3 mm) was studied while also varying the ESI voltage (1000 to 1700 V in steps of 50 V) (30,34,
). Highest signal intensities were obtained when the porous tip was positioned very close to the MS inlet applying an ESI voltage of 1200 V (Figure 1A). However, the obtained signal was noisy and unstable (Figure 1B). Higher tip-to-inlet distances required increased ESI voltages in order to obtain favorable signal intensity. This was also observed by Haselberg et al. (30) using the sheathless set-up for the analysis of lysozyme. For CF in the APFO BGE (pH 9.0), optimum S/N was obtained at a tip-to-inlet distance of 1.8 mm using an ESI voltage of 1300 V (Figures 1A and 1C). The absolute signal was similar to obtained at 0 mm tip-to-inlet distance, but the signal was more stable in time and with significantly less noise. Under these conditions CF was predominantly detected as protonated molecule (m/z 222.1) with minor signals for its ammonium adduct (m/z 239.1) and a fragment ion (m/z 165.1) resulting from the loss of the methylamide moiety during ESI (Figure 2). The obtained mass spectrum showed a high signal intensity for CF and no background signals, indicating good compatibility of the APFO BGE with nanoESI-MS. 
Further optimization involved the study of the effects of dry gas temperature and flow on the signal intensity of CF during infusion (Figure S-2). In order to ensure sufficient APFO evaporation, dry gas temperatures below 180 ºC were not considered. Stable sprays inducing 50-75 nA ESI current were observed for dry gas temperatures between 180 and 220 ºC. However, the CF signal decreased up to 10% when the dry gas temperature was gradually raised to 220 ºC. This might be related to thermal degradation of the CRB (
,
). The dry gas nitrogen flow was investigated between 3.0 and 5.0 L min-1, but no significant change of in signal intensity and noise were observed (±2% difference under all applied conditions). This most probably is related to spray fluctuations commonly observed in ESI-MS. Consequently, a dry gas flow and temperature of 4 L min-1 and 180 ºC, respectively, were selected for further studies.

3.2. Sheathless porous-tip MEKC-MS/MS of carbamates

 A mixture of 16 CRBs (50 ng L-1 each) in water containing 57 mM APFO was analyzed by MEKC-MS/MS using the APFO BGE (pH 9.0) and the optimized interface conditions. For optimal sensitivity, CID was carried out in MRM mode. During the MEKC run, MS/MS settings were stepwise adjusted in order achieve favorable fragment ion intensities for each CRB (see Tables S-1 and S-2). Fifteen CRB peaks were detected (Figure 3A); BY readily degrades to CBZ under alkaline conditions and will thus contribute to the CBZ signal. Good resolution was obtained for most CRBs, which generally showed relatively narrow peaks with high S/Ns. Notably, the nanoESI from the porous tip capillary yielded efficient positive ionization of the CRBs despite the basic conditions provided by the APFO BGE. No addition of acid was needed for effectively obtaining protonated molecules. This fact can be attributed to the so-called wrong-way-round ionization, which often occurs in ESI. Mansoori et al. observed that wrong-way-round ionization could occur in ESI, resulting in abundant signal from [M+H]+ in basic medium (
,
). The amide basic group of CRBs is protonated thanks to its relatively high proton affinity together with the presence of an excess of modifier (NH4+) as the major source of protons to prompt its effective ionization.

Compared with the separation obtained using conditions described in a previously reported sheath-liquid MEKC-MS/MS method for CRBs (18)  employing the same BGE and relative injection volume (2% of capillary volume), the CRB resolution was considerably improved (compare Figure 3A with Figure 3B). Plate numbers of the CRBs were above 200,000 for sheathless MEKC-MS, while for sheath-liquid MEKC-MS plate numbers were down to 70,000. The enhanced separation efficiency might be the result of the smaller capillary i.d., the lower electric field strength, and the better thermostatting of the capillary, which overall lead to less band broadening by Joule heating. Moreover, suction induced by the nebulizer gas employed in sheath-liquid interfacing causes a laminar flow in the capillary yielding extra band broadening. This effect is absent in in the sheathless system. The relatively longer migration times obtained with the sheathless system result from the longer capillary length (90.0 vs 70.5 cm), lower field strength (267 vs. 326 V/cm) and lack of suction. Considering the injected concentrations (10 times lower in Figure 3A than in Figure 3B) and absolute signal intensities obtained, it is clear that for most CRBs the MS responses are significantly higher when using sheathless porous-tip interfacing (see Section 3.4 for more details). When comparing e.g. the heights of peaks 1 and 2, or 9 and 10, it also appears that relative peak intensities of the CRBs may differ between sheathless and sheath-liquid interfacing. This can be explained by the fact that the sheath-liquid composition (2-propanol-formic acid (99.9:0.1, v/v)) differs from the BGE, affecting the relative ESI efficiency of the CRBs.
3.3. Analytical performance

The performance of the sheathless MEKC-MS/MS method was evaluated by establishing response curves, peak-area and migration-time precision, and LODs. Five-point response curves (product-ion peak area vs. concentration) were established using stock solutions with individual CRB concentrations up to 200 ng L−1. Every concentration level was analyzed in triplicate. Three selected response curves are shown in Figure S-3. They represent fast, medium and slow migrating components with different responses in ESI-MS. In all cases, a good fit was obtained over the whole concentration range, with randomly distributed normalized residuals (Figure S-3). With  residuals below 8.5% for all components the accuracy of the responses is indicated. Overall, similar results were obtained for each CRB and a good linearity was observed with R2 values above 0.991 (Table 1). System variability was investigated by repeated analysis of the CRB mixture (100 ng L-1 each) on the same day (n=3) and on two different days (n=6). Obtained precision for peak area was satisfactory with RDSs below 8.4% and 11.3% for intraday and interday assessment, respectively, for all CRBs. Migration time RSDs were within 0.9% and 1.4% for respective intraday and interday evaluation. For all analyzed CRBs, LODs and LOQs were calculated as the concentrations providing a signal intensity equivalent to S/N of 3 and 10, respectively, based on an injected concentration of 50 ng L-1. The LODs and LOQs ranged, respectively, from 0.2 to 3.9 ng L−1 and from 0.6 to 13.1 ng L−1. These values indicate that the new method provides very high sensitivity, allowing detection down to 2.5 ag or 11 zmol of injected mass or amount of CRB. To our knowledge these are the lowest LODs ever reported for an on-line MEKC-MS method. CRBs are known to show highly efficient ESI in positive mode, but still the obtained values evidently illustrate the excellent sensitivity provided by the sheathless porous-tip sprayer.

The analytical figures of merit of the proposed method were compared with those of an earlier reported sheath-liquid MEKC-MS/MS method (18). This method was implemented in our laboratory using the same CE and MS instruments as used for the sheathless MEKC-MS/MS experiments. The only difference between the set-ups was the interface used, in order to ensure the most fair comparison. The performance of the two methods in terms of linearity and precision was similar (Table S-3). Although obtaining more favorable LODs with sheath-liquid MEKC-MS/MS as reported in literature, the overall sensitivity of the sheathless porous-tip MEKC-MS/MS method was still significantly better. On average an improvement between one and two orders of magnitude was obtained, which is in line with previous observations for  metabolites, peptides, non-steroidal antiflammatory drugs and glucuronides (31,
). Notably, for some CRBs sensitivity enhancements were 200-400-fold. In particular OX and CF showed much higher responses when employing sheathless porous-tip interfacing. 
3.4. Applicability of sheathless porous-tip MEKC-MS/MS

The applicability of the sheathless porous-tip MEKC-MS/MS method system was evaluated by the analysis of drinking water. Samples of blank and spiked (100 ng L−1 for each CRB) mineral water were 1:1 diluted with a solution of 114 mM PFO and then analyzed by MEKC-MS/MS without further sample pretreatment. All CRBs could be clearly detected (Figure 4A) in the spiked sample and no CRBs were detected in the blank mineral water (Figure 4B), confirming the LOQs determined for standard samples (Table 1). Recoveries were determined by comparing spiked concentrations with concentrations derived from measured peak areas using the calibration curves established for standard samples. Recoveries were 96-104% for all CRBs with satisfactory precision of 4.1-8.2% (n=3). These results indicate that the sheathless porous-tip MEKC-MS/MS method allows selective and quantitative determination of CRB concentrations in water at the maximum residue limit of 100 ng L−1 without the need for sample preconcentration. The previously reported sheath-liquid MEKC-MS/MS method (18) required a sample pretreatment involving preconcentration by dispersive liquid-liquid micro extraction in order to meet the requirements for CRB determination in drinking water. Notably, incorporation of this sample preparation in the current analytical workflow would result in an order of magnitude decrease in LOD and full compatibility with environmental samples. 
4. Conclusions

A new fully compatible MECK-MS/MS method based on the use of the semi-volatile surfactant APFO in combination with sheathless porous-tip interfacing is presented. The system provides efficient separation and selective detection of neutral compounds with unsurpassed sensitivity. The method is uncomplicated employing a commercially available interface, a conventional ion-trap mass spectrometer and a simple-to-prepare BGE. Analysis of pesticides in drinking water indicate LODs in the low ng L-1 range, which allows direct trace analysis without sample preconcentration, Moreover, the method provides a concentration sensitivity equivalent to or better than current HPLC-MS methods for pesticides. The sheathless porous-tip MEKC-MS/MS system shows very good perspectives for relevant bioanalytical queries where sample amounts are very limited and efficient separation and high sensitivity are required.
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Figure captions�





Figure 1. (A) Extracted-ion (m/z 222) signal intensity of CF as function of the capillary tip-to-MS inlet distance and ESI voltage. (B) CF signal intensity over time at capillary tip-to-MS inlet distance of 0 mm and ESI voltage of 1200 V. (C) CF signal intensity over time at a capillary tip-to-MS inlet distance of 1.8 mm and ESI voltage of 1300 V. CF concentration, 200 ng L-1; solvent: 75 mM perfluorooctanoic acid adjusted to pH 9.0 with ammonium hydroxide; infusion flow rate, 100 nL min-1; dry gas temperature, 180 ºC; dry gas flow rate, 4 L min-1.





Figure 2. Mass spectrum of a solution of CF (200 ng L-1) in 75 mM perfluorooctanoic acid adjusted to pH 9.0 with ammonium hydroxide. Insert shows the molecular structure of CF. Capillary tip-to-MS inlet distance, 1.8 mm; ESI voltage, 1300 V; infusion flow rate, 100 nL min-1; dry gas temperature, 180 ºC; dry gas flow rate, 4 L min-1.





Figure 3. Extracted-ion electropherograms obtained during MEKC-MS/MS of a test mixture of 16 CRBs using (A) sheathless porous-tip interfacing and (B) sheath-liquid interfacing. Peaks: (1) CBZ+BY, (2) ALDSFX, (3) ASL, (4) CAR, (5) ALD, (6) CF, (7) MTH, (8) OX, (9) PX, (10) PR, (11) ETH, (12) BTH, (13) FNX, (14) NP, and (15) CSF. Conditions: BGE, 75 mM perfluorooctanoic acid adjusted to pH 9.0 with ammonium hydroxide; CRBs concentrations, (A) 50 ng L-1 for each CRB, and (B) 500 ng L-1 for each CRB, except OX (5000 ng L-1). Traces of compounds 4, 5, 7, 8 and 11 in (B) are offset on the y-axis for clarity. Further conditions, see Materials and Methods section and Supporting Information.





Figure 4. Extracted-ion electropherograms obtained during sheathless porous-tip MEKC-MS/MS of (A) mineral water spiked with 16 CRBs (100 ng L−1 each), and (B) blank mineral water. Peaks, (1) CBZ +BY, (2) ALDSFX, 3) ASL, (4) CAR, (5) ALD, (6) CF, (7) MTH, (8) OX, (9) PX, (10) PR, (11) ETH, (12) BTH, (13) FNX, (14) NP, and (15) CSF. Conditions: BGE, 75 mM perfluorooctanoic acid adjusted to pH 9.0 with ammonium hydroxide; sample was diluted 1:1 with 114 mM perflourooctanoic acid prior to analysis. Further conditions, see Materials and Methods section and Supporting Information.�
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