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ABSTRACT
A new analytical method based on micellar electrokinetic chromatography tandem mass spectrometry (MEKC-ESI-MS/MS) employing a MS friendly surfactant (ammonium perfluorooctanoate) is proposed and validated for the identification and simultaneous quantification of seventeen N-methylcarbamate pesticides in environmental and drinking water samples. MS/MS detection using an ion trap as analyzer operating in the multiple reaction monitoring mode was used. Different parameters were optimized in order to obtain an adequate CE separation combined with the highest sensitivity in MS/MS. Dispersive Liquid Liquid Microextraction (DLLME) using a low-density extraction solvent has been proposed for extraction, obtaining a preconcentration factor of 10. Under optimum conditions, recoveries for fortified samples ranged from 83% to 101%, with relative standard deviations lower than 8%. The limits of detection ranged from 1.4 to 143.7 ng l−1, demonstrating the sensitivity and applicability of this fast, simple, and environmentally friendly method.
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1. Introduction
N-methylcarbamates (NMCs) are pesticides introduced in the early 1950s and widely used as insecticides or fungicides [[endnoteRef:1]]. They are acetylcholinesterase inhibitors, and their use could cause health effects such as, headaches, vomiting, abdominal cramps, uncontrolled urination or defecation, and even a comatose state [[endnoteRef:2],[endnoteRef:3]]. NMCs are relatively unstable compounds that breakdown in the environment fairly rapidly. They are biodegradable, with low soil persistence and can be degraded in water by hydrolysis, biodegradation, oxidation, photolysis, biotransformation, and metabolic reactions in living organisms. As minute quantities of these chemicals can affect the human body, trace concentrations of these pesticides in the environment and food must be controlled. The maximum residue limit (MRL) of individual NMCs allowed by the European Directive on the quality of water intended for human consumption [[endnoteRef:4]] and in the European Directive on the protection of groundwater again the pollution [[endnoteRef:5]] is 100 ng l-1, consequently very sensitive analytical methods to detect ultratrace levels of these compounds are needed.  [1: [] Y. Ni, P. Qiu, S. Kokot, Anal Chim Acta 537 (2005) 321.]  [2: [] M. Bjørling-Poulsen, H.R. Andersen, P. Grandjean, Environ. Health 7 (2008) 50.]  [3: [] A. Thompson, Pestic. Outlook 13 (2002) 84.]  [4: [] Council Directive 98/83/EC on the quality of water intended for human consumption. Official Journal of the European Communities, 3 November 1998, L330/32.]  [5: [] Council Directive 2006/118/EC on the protection of groundwater and deterioration. Official Journal of the European Communities, 27 December 2006, L372/19.] 

[bookmark: _Ref311457685][bookmark: _Ref311455997][bookmark: _Ref311461169][bookmark: _Ref311459115]HPLC methods have been usually applied for the determination of carbamates in waters, using fluorescence [[endnoteRef:6]], UV [[endnoteRef:7]-,[endnoteRef:8],[endnoteRef:9]] and mass spectrometry (MS) detection [[endnoteRef:10]-,[endnoteRef:11],[endnoteRef:12],[endnoteRef:13]]. Some reviews concerning the analysis of these compounds in water can be found in the literature [[endnoteRef:14],[endnoteRef:15]]. Post-column hydrolysis of NMCs to methylamine (MA) and subsequent derivatisation with o-phtalaldehyde (OPA) is the basis of the HPLC-fluorescence method which has been accepted as a standard protocol by several official organizations, including EPA [[endnoteRef:16]]. Chemiluminescence, a less usual detection technique in HPLC, has also been used [[endnoteRef:17],[endnoteRef:18]]. [6: [] K. Fytianosa, K. Pitarakis, E. Bobola, Int. J. Environ. Anal. Chem. 86 (2006) 131.]  [7: [] D. Moreno-González, J.F. Huertas-Pérez, L. Gámiz-Gracia, A.M. García-Campaña, Int. J. Environ. Anal. Chem. 91 (2011) 1329.]  [8: [] Q. Zhou, L. Pang, J. Xiao, Microchim. Acta 173 (2011) 477.]  [9: [] Q. Wu, Q.Chang, C. Wu, H. Rao, X. Zeng, C. Wang, Z. Wang, J. Chromatogr. A 1217 1773 (2010) 1778.]  [10: [] S. Lissalde, N. Mazzella, V. Fauvelle, F. Delmasa, P. Mazellier , B. Legube, J. Chromatogr. A 1218 (2011) 1492.]  [11: [] F. Boujelbane, F. Oueslati, N. Ben-Hamida, Desalination 250 (2010) 473.]  [12: [] J.M.F. Nogueira, T. Sandra, P. Sandra, J. Chromatogr. A  996 (2003) 133.]  [13: [] N. Makaihata, T. Kawamoto, K. Teranishi, Anal. Sci. 19 (2003) 543.]  [14: [] J.M. Soriano, B. Jiménez, G. Font, J.C. Molto, Crit. Rev. Anal. Chem. 31 (2001) 19.]  [15: [] E. Ballesteros-Tribaldo, in: L.M.L. Nollet (Eds.), Chromatographic determination of   carbamate pesticides in environmental samples, CRC Press LLC, New York, 2006, pp 889.]  [16: [] EPA Method 531.2, Measurement of N-methylcarbamoyloximes and N- methylcarbamates in water by direct aqueous injection HPLC with post column derivatisation, Revision 1.0, edited 2001.]  [17: [] T. Pérez-Ruiz, C. Martínez-Lozano, M. García, J. Chromatogr. A 1164 (2007) 174.]  [18: [] J.F. Huertas-Pérez, A.M. García-Campaña, Anal. Chim. Acta 630 (2008) 194.] 

[bookmark: _Ref316315627]The use of capillary electrophoresis (CE) in the determination of NMC presents as drawback that most of the NMCs are neutral compounds in a wide range of pH. Therefore, when using capillary zone electrophoresis (CZE), their separation is not possible, being micellar electrokinetic chromatography (MEKC) the CE mode of choice, as different migration behaviors can be achieved, due to the different interactions between the NMCs and the sodium dodecyl sulphate (SDS) micelles [[endnoteRef:19],[endnoteRef:20]]. However, when coupling CE to MS detection, there is an additional drawback, as commonly used surfactants (as sodium dodecyl sulphate) are non-volatile and can cause analyte signal suppression and contamination of the MS. A number of different approaches have been suggested to circumvent the problem [[endnoteRef:21]], such as the use of atmospheric pressure chemical ionization (APCI) mode instead of electrospray ionization (ESI) [[endnoteRef:22]] or partial-filling MEKC [[endnoteRef:23],[endnoteRef:24]], but the results showed low resolution and poor reproducibility. Nevertheless, direct coupling of MEKC to MS is possible using ammonium perfluorooctanoate (APFO) as volatile surfactant [[endnoteRef:25]-,[endnoteRef:26],[endnoteRef:27]]. This surfactant has a fluorocarbon chain, giving it a low surface energy, which is related to low inter-molecular interactions [[endnoteRef:28]] and high volatility [[endnoteRef:29]], being compatible with the ESI-MS system.  [19: [] M. Rossi, D. Rotilio, J. High Resolut. Chromatogr. 20 (1997) 265.]  [20: [] D. Moreno-González, L. Gámiz-Gracia, A.M. García-Campaña, J.M. Bosque-Sendra, Anal. Bioanal. Chem. 400 (2011) 1329.]  [21: [] G.W. Somsen, R. Mol, G.J. de Jong, J. Chromatogr. A 1217 (2010) 3978.]  [22: [] C. Gu, S.A. Shamsi, Electrophoresis 31 (2010) 1162.]  [23: [] H. Ozaki, S. Terabe, J. Chromatogr. A 794 (1998) 317.]  [24: [] M. Molina, S.K. Wiedmer, M. Jussila, M. Silva, M.L. Riekkola, J. Chromatogr. A 927 (2001) 191.]  [25: [] Y. Ishihama, H, Katayama, N. Asakawa, Anal. Biochem. 287 (2000) 45.]  [26: [] P. Petersson, M. Jörntén-Karlsson, M. Stålebro, Electrophoresis 24 (2003) 999.]  [27: [] G. Van-Biesen, C.S. Bottaro, Electrophoresis 27 (2006) 4456.]  [28: [] C.A. Barton, M.A. Botelho, M.A. Kaiser, J. Chem. Eng. Data 54 (2009) 752.]  [29: [] C.A. Barton, M.A. Kaiser, M.H. Rusell, J. Environ. Monitor. 9 (2007) 839.] 

[bookmark: _Ref315180968][bookmark: _Ref311529781][bookmark: _Ref311187725]Concerning sample treatments, several methods have been proposed for the determination of carbamates in water, being the most important solid-phase extraction (SPE) [10,11], and liquid–liquid extraction [5]. During the last decade new environmentally friendly sample treatments have been proposed, as cloud point extraction [[endnoteRef:30]], single-drop microextraction [[endnoteRef:31]], ultrasound-assisted surfactant-enhanced emulsification (UASEME) [[endnoteRef:32]], and solid-phase microextraction (SPME) [[endnoteRef:33]]. Recently, dispersive liquid liquid microextraction (DLLME) is emerging as a green approach of sample treatment, showing simplicity of operation, low cost and high recoveries. The general aspects and applications of DLLME are compiled in some recent reviews [[endnoteRef:34]-,[endnoteRef:35],[endnoteRef:36]], including determination of carbamates in soils [[endnoteRef:37]], vegetables [[endnoteRef:38]], fruit juices [20] and water samples [[endnoteRef:39]-[endnoteRef:40][endnoteRef:41]]. The traditional extraction solvents in this methodology show higher density than water (chloroform, dichloromethane, etc.) and are recovered after extraction using centrifugation. We propose the use of low-density extraction solvents, such as toluene, which provides better extraction efficiency for non-polar analytes, avoiding the use of highly toxic chlorinated solvents. However, these solvents are difficult to collect, as meniscus formed at the top of a conical tube is very difficult to withdraw. Different approaches have been proposed to solve this problem, such as solvent terminated dispersive liquid–liquid microextraction (ST-DLLME) [40], or extraction vessels with different designs [, [[endnoteRef:42]], expanding the applicability of DLLME.	Comment by Moren003: YO QUITARIA ESTA FRASE REVIEWER 3. PTREGUNTA 3 [30: [] A. Santalad, S. Srijaranai, R. Burakham, J.D. Glennon, R.L. Deming, Anal. Bioanal. Chem. 394 (2009) 1307.]  [31: [] M. Saraji, N. Esteki, Anal. Bioanal. Chem. 391 (2008) 1091.]  [32: [] A. Saleh, Y. Yamini, M. Faraji, M. Rezaee, M. Ghambarian, J. Chromatogr. A 1216 (2009) 6673.]  [33: [] G. Zhao, S. Song, C. Wang, Q. Wu, Z. Wang, Anal. Methods 3 (2011) 2929.]  [34: [] C. Bosh-Ojeda, F. Sánchez-Rojas, Chromatographia 69 (2009) 1149.]  [35: [] X.H. Zang, Q.H. Wu, M.Y. Zhang, G.H. Xi, Z. Wang, Chin. J. Anal. Chem. 37 (2009) 161.]  [36: []  M. Rezaee, Y. Yamini, M. Faraji, J. Chromatogr. A 1217 (2010) 2342.]  [37: [] L. Fu, X. Liu, J. Hu, X. Zhao, H. Wang, C. Huang, X. Wang, Chromatographia 70 (2009) 1697.]  [38: [] X. Lin, X. Chen, X. Huo, Z. Yu, K. Bi Q. Li, J. Sep. Sci. 34 (2011) 202.]  [39: [] H. Lijun, W. Chunjian, S. Yinjuan, X. Luo, J. Zhang, K. Lu, Int. J. Environ. An. Ch. 89 (2009) 439.]  [40: [] Z.M. Liu, X.H. Zang, W.H. Liu, C. Wang, Z. Wang, Chin. Chem. Lett. 20 (2009) 213.]  [41: [] H. Chen, R. Chen, S. Li, J. Chromatogr. A 1217 (2010) 1244.]  [42: [] H. Xi-Zhou, W. Jian-Hong, F. Yu-Qi Feng, J. Chromatogr. A 1217 (2010) 7010.] 

In this work a mode of DLLME using a new extraction vessel for using a low-density extraction solvent is proposed as extraction and preconcentration technique previous to the analysis of 17 NMCs.  This vessel consists of a pipette tip appropriately covered which can be directly used in the centrifuge to separate both phases more quickly. Moreover, the use of APFO as surfactant in the optimized MEKC-ESI-MS/MS method is proposed as a suitable alternative for the simultaneous identification and determination of 17 NMCs in water samples.

2. Experimental

2.1. Reagents and Materials
Water, 2-propanol, methanol (MeOH), ethanol (EtOH) and acetonitrile (ACN) (LC-MS Chromasolv grade) were supplied from Fluka Analytical (Steinheim, Germany). Ammonium perfluorooctaonate (APFO) 75 mM pH 9.0 was prepared with perfluorooctanoic acid 96% (Sigma Aldrich; St. Louis, MO, USA) and ammonium hydroxide (Panreac-Química; Barcelona, Spain). Formic Acid was obtained from Sigma Aldrich. Acetic acid and citric acid were supplied from Merck (Darmstadt, Germany). 
For sample treatment, ACN, acetone (ACO), and MeOH of analytical grade were obtained from Merck, while toluene, cyclohexane and n-hexane were obtained from VWR (West Chester, PA, USA).
Pestanal grade analytical standards of carbofuran (CF), carbaryl (CAR), methiocarb (MTH), promecarb (PR), oxamyl (OX), aldicarb (ALD), methomyl (MTY), propoxur (PX), asulam (ASL), benomyl (BY), napropamid (NP), carbendazim (CBZ), ethiofencarb (ETH), aldicarb sulfoxide (ALDSFX), carbosulfan (CSF), benthiocarb (BTH) and fenoxycarb (FNX) were supplied by Fluka. Individual stock standard solutions containing 3 g l−1 of each compound were prepared by dissolving accurately weighed amounts in MeOH and stored in the dark at 4°C. They were stable for at least 4 months. Standard solutions containing all the NMCs were freshly prepared by proper dilution of the stock standard solutions with MeOH.
Pipette tips (5ml) were supplied by Brand GmbH (Wertheim, Germany). Acrodisc 13-mm syringe filters with 0.2-μm nylon membrane (Pall Corp., MI, USA) were used for filtration of sample extracts prior to the injection in the electrophoretic system.

2.2. Instrumentation 
CE experiments were carried out with an HP3D CE instrument (Agilent Technologies, Waldbron, Germany) equipped with a UV/Vis detector working at 210 nm with a bandwidth of 16 nm. UV/Vis electropherograms were acquired using the software provided by the HP ChemStation version A.09.01. The coaxial sheath-liquid sprayer was supplied by Agilent Technologies. MS was performed using an Agilent 1100 Series LC/MSD SL mass spectrometer equipped with an ion trap (IT) analyzer. MS spectrometer was controlled by a PC running the Esquire software 4.1 from Bruker Daltonics (Bremen, Germany).
The StatGraphics Plus Software 5.1 (Statistical Graphics Rockville; MD, USA) was used to generate the experimental designs and data processing.
 A pH-meter (Crison model pH 2000; Barcelona, Spain) with a resolution of ±0.01 pH unit, a centrifuge (Universal 320 model from Hettich; Leipzig, Germany), a nitrogen evaporator (System EVA-EC from VLM GmbH, Bielefeld, Germany) and a vortex (Genie 2 model from Scientific Industries; Bohemia, NY, USA) were also used.

2.3. CE Conditions
Separation was 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). The electrophoretic separation was achieved using a voltage of 23 kV (normal mode) with an initial ramp of 0.3 min. The running buffer was an aqueous solution of 75 mM perfluorooctanic acid adjusted to pH 9.0 with ammonium hydroxide 14.2 M (background electrolyte, BGE). The temperature of the capillary was kept constant at 24 °C. Before the first use, the capillary was conditioned by flushing with 1M NaOH for 10 min at 60 °C, then with water for 10 min, and finally with the BGE for 20 min. At the beginning of each session, the capillary was prewashed with water (3 min), 5M NH3 solution (3 min), water again (3 min) and running buffer (20 min), applying a N2 pressure of 1 bar. In order to obtain a satisfactory repeatability of run-to-run injections, before each run the capillary was pre-washed with 5 M NH3 solution for 2.5 min, water for 1 min and finally with the running buffer for 5 min, applying a pressure of 1 bar. At the end of the analysis, the capillary was washed with water during 5 min, then the capillary was left empty  with air for 5 min, applying a N2 pressure of 1 bar	Comment by Moren003: Me he dado cuenta qu faltaba un guión

2.4. ESI interface
A coaxial sheath-liquid sprayer was used for MEKC-MS coupling (Agilent Technologies). The fused-silica capillary was mounted in such a way that the tip just protruded from the surrounding steel needle -1/2 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 0.1 ml h-1 by a KD Scientific 100 series syringe pump (KD Scientific Inc.; Holliston, MA, USA). The ESI voltage was set to -4800 V. Other electrospray parameters at optimum conditions were: nebulizer pressure, 12 psi; dry gas flow rate, 8 l min-1; and dry gas temperature, 180 °C. 

2.5. MS and MS/MS conditions
The mass spectrometer was operating in the positive ion mode and scanned from 85–385 m/z at 13000 m/z/s. In the MS experiments, the IT parameters were selected in ion charge control mode using a target of 30000, 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 with the helium present in the trap for 40 ms in multiple reaction monitoring (MRM) mode. MS/MS parameters are summarized in Table 1 and MS/MS spectra and their corresponding structures are shown in Fig. 1.
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2.6. DLLME procedure
DLLME was performed as follows: 4.5 ml of water (pH 2.0, adjusted with 50 mM citric acid) was placed in a 5 ml pipette tip (extraction vessel). A mixture of ACN (disperser solvent, 940 μl) and toluene (extraction solvent, 636 μl) was rapidly injected into the sample tube. The extraction vessel was closed and shaken for 5 min by vortex. Then, it was centrifuged for 5 min at 2000 rpm; the upper phase was removed using a syringe and collected in a glass vial. The toluene was evaporated under nitrogen stream until dryness. The final residue was re-dissolved with 450 μl of 57 mM APFO pH 9.0, shaken by vortex (2 min) and injected into the electrophoretic system. A schematic diagram of the sample preparation procedure is shown in Fig. 2. Following this treatment, sample throughput was approximately 12 samples per hour, obtaining a preconcentration factor of 10.

3. Results and discussion

3.1. Electrophoretic separation
Most of the NMCs studied are neutral compounds in a wide range of pH (see pKs in Fig. 1). Thus, MEKC was the selected separation mode. Before the application of the MS detection, the electrophoretic separation of the selected compounds was optimized using a UV/Vis detector, considering the resolution and the sensitivity (peak area) as response variables. In order to consider the compatibility of a CE method with MS, electric current was kept bellow 50 µA, as upper values could produce plugging of the dielectric capillary between the spray chamber and the MS, originating an unstable spray.
First of all, the effect of pH was investigated between 8.0 and 9.5 using 50 mM APFO as buffer and surfactant solution, and adjusting pH with NH3 solution. The best resolution was obtained at pH 9.0. Thus, APFO concentration was modified between 25 and 100 mM, keeping the pH at 9.0. The best results were obtained using a concentration of 75 mM, obtaining also a very low electric current (≈31 μA). Effect of concentration APFO is showed in the Fig.3. With low values of APFO at pH 9.0 the separation was not good, so the effect of pH is important but the relevant factor is the concentration of APFO.



The addition of different organic modifiers to the running buffer (such as MeOH and ACN) was also considered, but they changed the position of some peaks, without any improvement of the resolution. The separation voltage was modified between 15 and 28 kV. A voltage of 23 kV was selected as optimum as a compromise between running time, resolution, and electric current. The effect of the temperature on the separation was studied in the range of 20-30°C, and a capillary temperature of 24°C was selected as optimum.


3.2. CE-ESI-MS/MS optimization
Once the optimum values for separation had been selected, the optimization of the parameters affecting the CE-MS and CE-MS/MS was carried out. In order to select the best operation mode (ESI+ or ESI-), 1% of formic acid or 1% of NH3 solution were added to the sheath liquid, which consisted of a mixture of 2-propanol:water (90:10). The best results were obtained when the positive mode was applied, when negative mode was used, analytes was not detected (see Fig.4) . Then, acetic and formic acid were evaluated, obtaining the best results when formic acid was included in the sheath liquid. 
In addition, it was necessary to select the organic solvent of the sheath liquid. Mixtures of ACN, MeOH, EtOH and 2-propanol with water (1% of formic acid) were tested, all at a ratio of 90:10. The best results in terms of intensity of MS signal for the studied NMCs were obtained using the mixture 2-propanol:water. Then, the amounts of 2-propanol (from 80-100%) and formic acid (from 0.1-1.5%) were evaluated; the best sheath liquid composition in terms of signal and stable current was 100% 2-propanol with a 0.1% of formic acid.
After optimizing the sheath liquid, parameters affecting the 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 voltage, filling the capillary with each analyte dissolved in the BGE and applying separation voltage. In most of the ESI-MS reported methods neither MS parameters nor the optimization procedure are mentioned. If low detection limits are not required, the default parameters may be sufficient, and an extra-optimization is not critical. However, this procedure is crucial for obtaining high analyte signal-to-noise ratio and thus low detection limits. Indeed, using this methodology it was observed that most of NMCs gave clearly the [M+H]+ ion when these parameters were optimized, but in the case of OX the highest peak corresponded to the ammonium aduct [M+NH4]+, which presented a very low signal. With respect to ALD, we could not observe the [M+H]+ ion, but we found [M+H-75]+ with a strong intensity, as it was previously described [[endnoteRef:43]]. CBZ and BY were identified together, as it is known that BY in alkaline medium is easily degraded to CBZ and Butyl isocyanate [[endnoteRef:44]], this identification is permitted by European legislation. The final optimum values are shown as supplementary data (S1). [43: [] T. Goto, H. Oka, I. Saito, H. Matsumoto, H. Sugiyama, C. Ohkubo, H.Nakazawa, H. Nagase, Anal. Chim Acta 531 (2005) 79.]  [44: [] E. Mallar, D. Barceló, R. Tauler, Chromatographia 46 (1997) 342.] 

Under these conditions, we studied the rest of parameters of the electrospray in order to obtain the best S/N for analytes showing a lower sensitivity. Thus, nebulizer pressure, dry gas flow rate, sheath liquid flow rate and dry gas temperature were optimized by means of a Doehlert design plus three central points (23 runs) in order to obtain the optimum values for a maximum response, considering the possible interactions between the different factors [[endnoteRef:45]]. In this sense, dry gas flow rate (in the range 2-10 l min-1) and sheath liquid flow rate (in the range 1-9 µl min-1) were studied at seven levels, the nebulizer pressure (in the range 4-12 psi) at five levels, and the dry gas temperature (in the range 150-350°C) at three levels. The obtained optimum values were: dry gas flow rate, 8 l min-1; sheath liquid flow rate, 0.10 ml h-1; nebulizer pressure, 8 psi; and dry gas temperature, 180 °C. The lack-of-fit p value for the model was 30.04% and the determination coefficient (R2) was 85.34, showing a satisfactory fit of the experimental data to the predicted model. [45: [] S.L.C. Ferreira, W.N.L. dos Santos, C.M. Quintella, B.B. Neto, J.M. Bosque-Sendra, Talanta 63 (2004) 1061.] 

Once the ESI conditions were established using MS mode, an optimization of the MS/MS mode was carried out. Considering that some peaks could not be well-resolved, the MRM mode was chosen. For fragmentation experiments, a cutoff of 27% of the precursor mass was set (i.e., the minimum m/z of the fragment ion able to be trapped by the analyzer). NMCs were fragmented using the SmartFrag™ option that automatically ramps the fragmentation energy from 30 to 200% of the excitation amplitude. The fragmentation amplitude was manually varied and optimized by visualizing the intensities of the fragment ions with the aim to obtain a maximum which allow seeing the precursor ion into the trap.
Finally, in order to obtain the maximum sensitivity, the sample solvent and the sample injection volume were studied. The adequate sample solvent for an optimum collection and accumulation of analyte molecules by the pseudostationary phase was 57 mM APFO (pH 9.0); thus a small stacking effect was obtained [[endnoteRef:46],[endnoteRef:47]]. The injection time was studied from 20 to 40 s. Finally, 30 s at 50 mbar was used as optimum, equivalent to a volume of approximately 32.6 nl (≈2% of the capillary volume). [46: [] J.P. Quirino, J.B. Kim, S. Terabe, J. Chromatogr. A  965 (2002) 357.]  [47: [] A.T. Aranas, A.M. Guidote Jr., J.P. Quirino, Anal. Bioanal. Chem. 394 (2009) 175.] 




3.3. Optimization of DLLME
There are some factors affecting the extraction process, namely: kind of extraction and disperser solvents and volumes of both of them, salt addition and pH. The optimization of these parameters was carried out using 4.5 ml of an aqueous mixture standard solution containing a concentration of 500 ng l−1 of each NMC. The recovery was used to evaluate the extraction efficiency.
At the beginning, 15 ml falcon tubes were use as extraction vessel, but hydrocarbon solvents were difficult to collect, due to the meniscus formed at the top of the conical tube. Thus, very low precision was obtained. For this reason we checked a new extraction vessel consisting on a 5 ml pipette tip properly covered, which allowed good reproducibility in the collection of the extraction solvent.
The selection of an appropriate extraction solvent is very important for the DLLME process. It must be immiscible with water and provide the highest extraction efficiency for all the analytes. Solvents with lower density than water were chosen, namely toluene, n-hexane and cyclohexane, using a volume of 800 μl of extraction solvent with 1.0 ml of ACN as disperser solvent. The best results were obtained using toluene as extraction solvent. 
The disperser solvent must be miscible with both sample solution and extraction solvent. Therefore, ACN, ACO and MeOH were tested as disperser solvents, using 1.0 ml of each one containing 800 μl of toluene. The best recoveries were obtained with ACN. 
Extraction and disperser solvent volumes were optimized by means of a full factorial design 32 with 3 replicates of central point. The experiments were run randomly in order to minimize the effect of uncontrolled variables. The average recovery for all NMCs was considered as the experimental response. The surface response (see Fig.5) showed that the optimum volumes were 940 µl for ACN and 636 µl for toluene. 
In order to evaluate the effect of the sample pH in DLLME, experiments were carried out without adjusting the pH of the original aqueous samples (pH≈6.5), and with buffered aqueous samples with pH from 2.0 to 7.0. This pH range was selected according to the pKs of the NMCs (see Fig. 1), keeping most of them neutral. The results showed that the sample pH had a significant effect on the recovery of some NMCs, being optimum at a pH of 2.0.
The influence of ionic strength on the performance of DLLME was investigated by adding different amounts of NaCl (0–10%, w/v) under the previous optimum conditions. However, a decrease on recoveries was observed when the ionic strength was increased; this effect has been described previously [37,38]. As a consequence, DLLME was carried out without addition of salt. 

3.4. Validation of the method
In order to check the suitability of the method for the determination of NMCs in water samples, it was characterize in terms of linear dynamic range, limits of detection and quantification, precision and trueness.

3.4.1. Calibration curves and analytical performance characteristics of the method
Matrix-matched calibration curves were established using water river (Genil river, Granada, Spain) spiked with different analyte concentrations (500, 1000, 2500, 5000 and 10000 ng l−1 for OX; and 50, 100, 250, 500, 2500, 5000 and 10000 ng l−1 for the rest) as representative matrix. Each concentration level was processed following the DLLME method and injected by triplicate. Peak area was considered as a function of analyte concentration in the sample. A blank sample was also processed, and none of the NMCs were detected.
Limits of detection (LODs) and quantification (LOQs) were calculated as 3×S/N and 10×S/N, respectively. Statistics and performance characteristics of the method in river water samples are shown in Table 2.
Limits of detection for all NMCs are the lowest described in literature (see Table 3). In the case of OX,although  showed a LODs higher than the rest, this method is first detected at MEKC-ESI-MS/MS.

3.4.2. Precision study
The precision of the method was evaluated in terms of repeatability (intraday precision) and intermediate precision (interday precision) by application of the proposed DLLME-MEKC-ESI-MS/MS method to river water samples spiked at three different concentration levels of NMCs. Repeatability was evaluated over five samples prepared and injected by triplicate on the same day, under the same conditions. Intermediate precision was evaluated with a similar procedure, but the samples were analyzed in five consecutive days. The results, expressed as % RSD of the peak areas, are summarized in Table 4. Good precision, lower than 8 %, was obtained in all cases.
3.4.3. Trueness assessment
In order to check the trueness of the proposed methodology for the analysis of real samples, recovery experiments were carried out in different types of water samples (river, tap, and mineral water) spiked at three different concentration levels of NMCs. In all the cases, a sample free of analytes was analyzed to check the presence of NMCs; none of them gave a result above the LODs of the method.  In the case of tap water, chlorides affected the extraction efficiency, obtaining low recoveries in this type of water. Chlorides were eliminated previously to the analysis by storing the water samples in an open vessel during one day, with this procedure the majority of chlorides was erased by evaporation. 
Recoveries higher than 81% were obtained in all cases with satisfactory precision (see supplementary data). 	Comment by Moren003: La tabla 4 la HE PUESTO EN SUPPLEMENTARY DATA
A typical electropherogram corresponding to river water spiked with 500 ng l-1 for OX and 50 ng l-1 for the rest, and analyzed by the proposed DLLME-MEKC-ESI-MS/MS method is shown in Fig. 6.


4. Conclusions
In the present study, DLLME using an extraction solvent with lower density than water combined with a new MEKC-ESI-MS/MS method has been proposed as a green alternative for the determination of 17 NMCs in environmental and drinking water samples, with limits of detection below the MRL established in the European Directives except for OX. A new extraction vessel has been proposed in order to obtain good reproducibility and an easy mode to operate in the sample treatment. Moreover, APFO has been used as a volatile surfactant compatible with MS, increasing the possibilities of this coupling for non-polar analytes. In the optimization of DLLME and ESI parameters, experimental designs have been used in order to take into account possible interactions between the variables. This new methods combines the advantages of DLLME and MEKC in terms of miniaturized techniques for the low consumption of contaminant solvents, being a very environmentally friendly strategy for the monitoring of a high number of NMCs in water samples at trace levels, considering also the potential of MS detection in terms of identification and quantification. 
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Figure Captions
Fig. 1. MS/MS spectra of the studied NMCs and their corresponding structures.
Fig. 2. Diagram of the DLLME procedure: (a) before injection; (b) injection and formation of cloudy; (c) covered extraction vessel; (d) centrifugation; (e) after centrifugation; (f) total process.
Fig. 3. Study of Concentration of APFO at pH 9.0: (a) 25 mM; (b) 50 mM; (c) 75 mM; (d) 100 mM. 
Fig. 4. Total Ion Chromatogram of 17 NMCs: (a)negative mode; (a) positive mode.
Fig. 5. Estimated response surfaces obtained in the optimization of extraction and disperser solvent volumes using full factorial design 32.
Fig. 6. Electropherogram of river water sample applying the proposed DLLME-MEKC-ESI-MS/MS method: sample spiked with 500 ng l−1 for OX, and 50 ng l−1 for the rest ; peaks: (1)CBZ +BY, (2) MTY, (3) ALDSFX, (4) ASL, (5) CAR, (6) ALD, (7) CF, (8) MTH, (9) OX, (10) PX, (11) PR,(12) ETH, (13) BTH, (14) FNX, (15) NP  and (16) CSF.
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