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Abstract
In this work, a sensitive method based on nanoflow liquid chromatography high-resolution mass spectrometry has been developed for the multiresidue determination of veterinary drugs residues in honey, veal muscle, egg and milk. Salting-out supported liquid extraction was employed as sample treatment for milk, veal muscle and egg, while a modified QuEChERS procedure was used in honey. The enhancement of sensitivity provided by the nanoflow LC system also allowed the implementation of high dilution factors as high as 100:1. For all matrices tested, matrix effects were negligible starting from a dilution factor of 100, enabling, thus, the use of external standard calibration instead of matrix-matched calibration of each sample, and the subsequent increase of laboratory throughput. At spiked levels as low as 0.1 or 1 µg kg−1 before the 1:100 dilution, the obtained signals were still significantly higher than the instrumental limit of quantitation (S/N 10). 
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1. Introduction
The use of veterinary medicines is widely accepted in veterinary practice to treat bacterial infections of animals in livestock farming (Landers, Cohen, Wittum, & Larson, 2012). However, residues from these substances may enter the food chain at harmful levels on human health (FAO, 2003). As a result, their presence in foods of animal origin may induce the spread of drug-resistant pathogenic bacterial strains or produce allergic reactions in the human being (Florea & Nightingale, 2004). In order to protect consumers against these undesirable effects, several institutions including Food and Agriculture Organization (FAO) and the European Union (EU) have set maximum residue limits (MRLs) for some veterinary drugs in different commodities including honey, milk or eggs (FAO, 2015; European Commission, 2010). MRLs of these compounds are in the range from ng kg-1 to low g kg-1. Therefore, the development of sensitive analytical methodologies for the simultaneous multiclass determination of these compounds at such low levels is of paramount interest (Masiá, Suarez-Varela, Llopis-González & Picó, 2016).
The need of methods covering multiclass veterinary drugs can be illustrated by selected recent examples from the literature (Garrido Frenich, Romero-González, & Aguilera-Luiz, 2014). These multiresidue methods are usually based on liquid chromatographic (LC) techniques coupled to mass spectrometry detection (MS) using triple quadrupole tandem mass spectrometry (MS/MS) (Dasenaki, Michali, & Thomaidis, 2016; Geis-Asteggiante, Lehotay, & Lightfield, 2012; Robert, Gillard,& Brasseur, 2013), time-of-flight (TOF) (Ortelli, Cognard, Jan, & Edder, 2009; Peters, Bolck, & Rutgers, 2009) and Orbitrap MS (Kaufmann, Butcher, Maden, Walker, & Widmer, 2014;Wang, Leung, Chow, Chang, & Wong, 2016; Cepurnieks, Rjabova, Zacs, & Bartkevics, 2015; Gómez-Pérez, Plaza-Bolaños, Romero-González, Martínez-Vidal, & Garrido-Frenich, 2012) combined with generic sample treatments such as solid phase extraction (SPE) or Quick, Easy, Cheap, Effective, Rugged and  Safe  methodology (QuEChERS), to isolate these veterinary residues from the matrix (Pinto da Costa, Ferraz Spisso, Ulberg Pereira Alves Monteiro, Gomes Ferreira & da Nóbrega, 2015; Garrido Frenich, Aguilera-Luiz, Martinez Vidal, & Romero-Gonzalez, 2010). Unfortunately, these generic extraction procedures with limited sample clean-up stages generally allow that many coeluting interfering species may cause signal suppression of the analytes of interest. This phenomenon, commonly referred as matrix effect (Kebarle, & Tang, 1993), is the main drawback of electrospray ionization for quantitative purposes, since it compromises the accuracy and trueness of the results reducing laboratory throughput as external calibration is no longer feasible for accurate quantitation (Matuszewski, 2006). Consequently, a thorough study must be undertaken to assess matrix effects of each individual analyte/matrix combination, particularly in the case of food samples of animal origin due to their complexity. Several studies have addressed this subject with strategies to overcome, minimize or compensate matrix effect during LC-MS analysis (González-Antuña et al., 2013; Trufelli, Palma, Famiglini, &  Cappiello, 2011; Chambers, Wagrowski-Diehl, Lu, & Mazzeo, 2007). 
Among the different approaches, matrix dilution is probably the simplest way to reach this goal (Stahnke, Kittlaus, Kempe, &  Alder, 2012). However, the implementation of high dilutions factors is not always feasible, as it inherently decreases the limit of detection and overall method sensitivity. Downscaling the size of liquid separations is a sound option to improve the sensitivity in LC-MS with electrospray detection (Wilm, & Mann, 1996; Desmet, & Eeltink, 2013) as a consequence of the improvement on the ionization efficiency that occurs at lower flow rates (Shen, Zhao, Berger, Anderson, Rodriguez, & Smith, 2002). In addition, nanoelectrospray ionization allows to considerably reduce matrix effects (Meher, & Chen, 2017). This fact is due to the smaller spray droplets of nanospray, which need less solvent evaporation (no auxiliary or nebulizing gases are used) and a lower number of droplet fission steps prior to ion release into the gas phase. Thus, the number of analyte molecules in the primary droplets, which may enter the MS, is increased. Consequently, the number of matrix molecules is significantly reduced in comparison to conventional electrospray (Schmidt, Karas, & Dülcks, 2003). Although these features associated to the use of nano LC-MS are well established for bioanalytical applications addressing protein or peptide analysis (Fu, Amato, Wang, McGowan,  Niedernhofer, & Wang, 2015; Wilson, Vehus, Berg,  & Lundanes, 2015), it has been long associated to robustness issues due to nanoflow liquid handling problems such as leaks and dead volumes/junctions, which have hampered their development for routine small molecule applications (Cappiello, Famiglini, Mangani, Palma, & Siviero, 2003). These topics have been overcome with the recent introduction of more robust nanoflow connections avoiding dead volumes and junctions, even with columns with integrated nano electrospray emitter tip (Kiyonami, Ravnsborg, Madsen, & Zabrouskov, 2012). 
This article describes the development of a multiresidue method for the analysis of 87 veterinary drugs in honey, veal muscle, egg and milk based on nanoflow LC-HRMS. Prior to LC-MS detection, generic sample treatments such as QuEChERS (honey) and salting-out supported liquid extraction (SOSLE) (veal muscle, egg and milk) were used. The sensitivity enhancement provided by nanoflow LC and the prospects to implement a high dilution factors leading to negligible ME were studied in all the matrices evaluated. 


2. Experimental section
2.1. Chemicals and Reagents
Ultrapure water (Milli-Q Gradient A10 system, Millipore Bedford, MA, USA) was used throughout the study. Ammonium sulfate, ethyl acetate and primary secondary amine (PSA) were supplied from Sigma-Aldrich (St. Louis, MO, USA). All analytical standards were obtained from Dr. Ehrenstorfer (Augsburg, Germany) or Sigma-Aldrich. Individual stock solutions of the targeted compounds (ca. 500 mg L-1 each) were prepared in methanol, acetonitrile or water and stored at -20˚C. Standards mixture solutions (10 mg L-1) were prepared by appropriate dilution of the stock solutions with methanol.
To prepare the extraction buffer (SOSLE procedure), oxalic acid (reagent plus, 99.0%), ammonium hydroxide (30 %) and ethylenediaminetetraacetic acid disodium salt (EDTA) were obtained from Sigma-Aldrich. This buffer was prepared as follows: 7.4 g EDTA and 8.6 g of oxalic acid were dissolved with approximately 0.95 L of water. Ammonium hydroxide was used to adjust pH up to 3.0. Then, the final volume was adjusted 1L with water. Oasis HLB™ SPE cartridges (200 mg, 6 mL) were purchased from Waters (Milford, MA, USA). A Supelco Visiprep™ (Bellefonte, PA, USA) SPE vacuum system, SIGMA 2-16P Sartorius Centrifuge (Newtown, Wem, Shropshire, USA) and vortex (Vortex-2 Genie, Scientific Industries) were also used. PTFE syringe filters, 0.45 µm x 13 mm (Sartorius Stedim, Goettingen, Germany) were used for filtration of the sample extracts before injection into the nanoLC system.
2.2. Veterinary drugs selected, matrices tested and sample treatment
A suite of 87 representative multiclass veterinary drugs were selected based on their widespread use and their frequency of detection in food analysis. Four different matrices of animal origin were selected including milk (high-water and fat content), veal muscle (high-protein content), egg (high-water, protein and fat content) and honey (high-sugar and low-water content). These samples were purchased in different local markets. Blank samples were checked to confirm the absence of veterinary drugs residues. These samples were employed for preparing matrix-matched calibration curves. 
In the case of milk, veal muscle and egg samples SOSLE was employed (Kaufmann, Butcher, Maden, Walker, & Widmer, 2014; Wang, Leung, Chow, Chang, & Wong, 2016). The procedure is detailed in Supplementary data section. In the case of honey samples, a QuEChERS methodology was selected. The details of the QuEChERS procedure are also provided in Supplementary data section.
2.3. Nanoflow liquid chromatography high resolution mass spectrometry
Chromatographic analysis was carried out using a Thermo Scientific EASY-nLC 1000 nano-LC system (Thermo Scientific, San Jose, USA) equipped with an EASY-Spray PepMap® C18 column (75 μm x 150mm, 3μm particle size and 100Å pore) (Thermo Scientific, San Jose, USA) which included an integrated nanospray emitter. Viper zero-dead volume fingertight fittings were used (Thermo Scientific, San Jose, USA). The column was maintained at 25 °C, the injection volume was 1 μl and the flow rate was 200 nL min-1. Mobile phases A and B were milli-Q water and acetonitrile, both with 0.1% (v/v) formic acid, respectively. The following linear gradient was used: 0–7 min 8% B; 7–22 min from 8% to 27% B; 22–25 min from 27% to 95% B, 25–31 min  from 95% to 100% B; and 31–35 min 2% B. 
The nanoflow UHPLC system was coupled to a Thermo Q-Exactive Orbitrap mass spectrometer, operated in the positive ionization mode and equipped with an Easy-Spray nanospray ion source housing (Thermo Scientific), where the column with the integrated nanospray was precisely mounted. The following source parameters were used: spray voltage: 2.2 kV; capillary temperature: 250˚C; S-lens RF level: 60. The acquisition comprised two different experiments with a duty cycle of ca. 0.5 seconds/acquisition point: (1) full-scan at a resolution of 70000 (measured at m/z 195) and; (2) collision induced dissociation (at a normalized collision energy of 20 (arbitrary units)) without precursor ion isolation (all-ion fragmentation (AIF) mode) at a resolution of 17500. Additional mass spectrometric settings used in full-scan experiment were as follows: automatic gain control (AGC) target: 1E6; maximum injection time (IT): 200 ms, and scan range (m/z) 170-1000. In all-ion fragmentation (AIF) experiment, AGC target was set at 2E05; maximum IT was 50 ms and the acquired m/z range was m/z 50 to 750. For identification and quantitation purposes, extracted ion chromatograms were reconstructed based on ±5 ppm accurate-mass extraction windows. TraceFinder 3.3 (Thermo Scientific) was used for qualitative and quantitative analysis. Theoretical m/z values and retention time (TR) values for the identification of selected veterinary drugs are included in Table 1.
3. Results and discussion
3.1. Mass spectrometric parameters 
In order to optimize sensitivity, a study of the main ionization source variables was accomplished. Thus, source temperature was studied between 250 and 310 °C and the spray voltage was studied in the range of 2.2 to 3.1 kV. It was observed that these variables did not affect significantly the analytical response in the studied range, being the lower values finally selected.
Likewise previous studies with orbitrap mass spectrometry and low-molecular weight analysis (Rajski, Gómez-Ramos, & Fernández Alba, 2014), a resolution of 70000 was set in full-scan (ca. 5 Hz), allowing satisfactory results in terms of selectivity and total cycle acquisition. To allow a clear and unambiguous identification of the studied veterinary drugs, the European regulation establishes as stringent criterion -in the case of HRMS methods- the need of detecting both a precursor ion and one product ion with mass accuracy better than 5 ppm (European Commission, 2002; European Commission, 2015). Consequently, to fulfil this requirement, full-scan acquisition mode was combined with AIF mode. Each cycle consisted of a full MS scan event followed by an AIF scan event. The first scan event is a full scan of ions (Full MS) in the specified mass range collected in the C trap; in the second scan event (AIF), all ions are fragmented in high-energy collision dissociation cell (HCD), collected in C trap and then subjected to mass analysis in the orbitrap. The fragmentation was studied at three different HCD voltages (20, 30 and 40V). A fragmentation voltage of 20V provided at least one product ion for each analyte (Table S1, Supplementary data). Therefore, the EU requirements were met for all analytes studied (European Commission, 2002). Concerning the ionization, in most cases, the precursor ion was found to be the protonated molecule [M+H]+, except for eprinomectin, where its sodium adduct [M+Na]+ was the more abundant ion observed. As example, a mass spectra of oxybendazole in FS and AIF mode is shown in Figure 1. Accurate mass analysis of the precursor ion exhibited a relative mass error lower than 2 ppm in full-scan, while additionally product ions were obtained in AIF mode (Table S1). In most cases (Table 1), relative mass errors were below 2 ppm, without using internal calibration. 
3.2. Nanoflow LC method optimization and performance
Selected chromatographic parameters were evaluated in order to obtain an appropriate separation of the analytes. Up to five different gradients were assayed by varying the total gradient time (Figure S1), using the same flow rate (200 nL min−1) and mobile phases (total time of 25, 30, 35 and 45 min, respectively). It should be highlighted that gradients in nanoflow LC are usually less steep than analytical scale methods as column equilibration takes longer. All programs started at 8% organic phase and this percentage was increased up to 100%. The increase of the gradient time to 45 min did not lead to further improvement of the separation, so the 35-min method was finally selected. Concerning the solvent composition of the sample injected, it was observed that the capacity factors (k´) of the polar analytes were lower than 1 when acetonitrile percentages higher than 8% were employed. As shown in Table 1, k´ values were higher than 1 in all cases with the selected method, when a sample composition consisting of a mixture water:acetonitrile (92:8, v/v) was employed, being in agreement with SANTE guideline (European Commission, 2015). Retention time precision was also evaluated. RSD (%) values calculated from 6 injections of milk extracts spiked at 10 µg kg-1 (dilution 1:100) in different days (across a worklist of 120 injections) are provided in Table 1. These values were lower than 0.7% in all cases, being in compliance with the current legislation (within ± 0.1 minutes) (European Commission, 2015).  The remarkable results in terms of retention time precision among the different matrix studied are also noteworthy. As an example, the extracted ion chromatograms of oxybendazole in solvent, milk, veal muscle, egg and honey with dilution factor of 100 are shown in Figure 2(A). 
3.3. Optimization of sample treatment
Due to the relatively high complexity of the food samples of animal origin such as those tested, the use of a dedicated sample treatment procedure with cleanup was necessary to isolate the veterinary drugs from the rest of matrix. The wide range of polarity of the studied compounds prompted the use of a generic procedure enabling the extraction of all species in a single step. So, a relativity new sample treatment called SOSLE was tested for all samples studied (Kaufmann, Butcher, Maden, Walker, & Widmer, 2014; Wang, Leung, Chow, Chang, & Wong, 2016). This procedure combines salting-out acetonitrile/water extraction and SPE cleanup. The use of SOSLE enables the simultaneous extraction of moderately polar and polar compounds, thus, increasing sample throughput. The aqueous phase obtained in the salting-out/ water extraction step is cleaned-up by SPE. Thus, moderately polar compounds are retained into the cartridges. To elute these compounds, the organic phase extract obtained in the previous extraction/salting out step is used also as the eluting solvent collecting thus the remaining polar species. The recovery percentages were calculated to evaluate the extraction efficiency. Recoveries ranged from 70 to 120% in most cases except for tetracyclines class. For these compounds, the extraction efficiency was poor due to the strong interaction of tetracyclines with different divalent cations (Ca2+, Mg2+, Zn2+, Cu2+), leading to poor recoveries (Wei, Zhang, Xu, Gou, Li, & Fan, 2014). To release tetracyclines from their metallic complexes, the addition of a chelating agent such as EDTA or citric acid has been proposed elsewhere (Moreno-González, & García-Campaña, 2017) and was included in the final procedure. Thus, an EDTA-buffer solution, was also added to the sample before applying the SOSLE procedure, obtaining then good recoveries for all tetracyclines. We also found that the SOSLE procedure cannot be applied to honey, because the separation between organic and aqueous phase in the salting-out step was not appropriate. In this case, the use of QuEChERS was considered (Bargańska, Namieśnik,  & Ślebioda, 2011). A similar approach with tetracyclines and EDTA was also implemented. The recoveries were acceptable in all cases, as detailed in Table 2.
3.4. Analytical performance
In order to evaluate the performance of the proposed method, different parameters including sensitivity, linearity, recovery rates, precision and matrix effects were evaluated in the four representative food matrices of animal origin selected (milk, veal muscle, egg and honey). Matrix-matched (1:100 diluted extract) and external (solvent) standard calibration curves were assessed at five concentration levels ranging from 0.1 to 1000 µg kg-1. Previously, a blank (unspiked) matrix extract was also examined to ensure that none of the selected compounds were present. Regression coefficients (R2) were higher than 0.999 in all cases. The sensitivity of the method was examined with the lowest concentration levels of matrix-matched standards. First, appropriate recovery rates were obtained in most cases for analytes spiked at 10 µg kg-1 in all the matrix tested. In addition, the use of the S/N criterion (S/N > 10 for LOQ) was avoided, as the high-resolution data from orbitrap usually yield higher S/N values due to negligible chemical background in extracted ion chromatograms with an m/z window of ±5ppm. This involves extrapolate towards distinctly lower concentrations than those tested and validated. The data from the lowest concentration level tested (Table 2) yielding S/N ratios distinctly higher than 10, were used instead, thus, providing an insight into the actual sensitivity displayed by the method. As could be observed in Table 2, these values ranged between 0.1 to 1 µg kg-1, being remarkably lower than the their corresponding MRL established by the EU (European Commission, 2010).
The trueness of the proposed method was assessed by recovery studies in the different commodities. Prior to extraction, different aliquots of the homogenized samples were spiked at 10 µg kg-1 (n = 6). This concentration level was selected taking into account the MRL ranges legislated by the EU for this type of matrices (European Commission, 2010). The absolute recoveries were calculated by comparing concentration of studied compounds in each sample spiked before the sample treatment procedure with concentration in extracts of each sample spiked after extraction. The recovery rates were between 70% and 120% for all analytes with satisfactory precision for all analytes (see Table 2), fulfilling current legislation (European Commission, 2002).
To evaluate matrix effects, the slope of matrix-matched calibration curves and the slope of external standard calibration curves were compared according to the following equation: [(calibration curve slope in matrix/ calibration curve slope in solvent)-1] x 100 (Matuszewski, Constanzer, & Chavez-Eng, 2003). To strike a balance between method sensitivity, robustness and absence of matrix effects, the final extracts obtained from the sample treatment were diluted up to 40 and 100-fold with initial mobile phase. Matrix effects for all samples with a dilution factor of 100 are provided in Table 3 and the results obtained with both dilutions are illustrated in Figure S2. When a dilution factor of 40 was applied, 35% of compounds presented negligible matrix effects (< ±10% signal suppression or enhancement), while for the rest of compounds, 60% was soft (between ±10% and ±20% signal change) and for only 5% of the compounds, this effect was medium (between ±20% and ±50%).  A significant reduction in matrix effect was obtained using 1:100 dilution, which permitted negligible matrix effects for all compounds and matrices combinations assayed, being overall method sensitivity not significantly compromised. In addition, the use of matrix-matched calibration would no longer be required, improving the laboratory throughput and quantitation robustness. 
The precision of the method was evaluated in terms of repeatability (intra-day precision) and intermediate precision (inter-day precision) for milk samples spiked at 10 µg kg-1.  It is worth to highlight that, this experiment could be carried out, obtaining similar results regardless the sample tested. As has been pointed out above, matrix effect was null in all samples studied, so, the precision of the method is not affected at all by the composition of the final extract. The results, expressed as %RSD of peak areas (n = 10), are shown in Table S2. Good precision (RSD lower than 8.5%) was obtained in all cases. The precision attained with the proposed approach was also evaluated across long runs of over 125 injections. In the case of ivermectin, the RSD was lower than 5% (Figure 2 (b)).
To evaluate the analytical performance of the proposed method, a comparison with other reported methods for the determination of veterinary drugs in food samples is shown in Table S3. Signals obtained with spiked standards at concentration levels as low as 0.1-1 µg kg-1, still provided signals significantly higher than the instrumental limits of quantitation (S/N 10), so, due to the use of nanoflow LC, the sensitivity of the proposed method is outstanding, achieving also negligible matrix effect for all samples studied. The high LOQs obtained in previous works could be partially attributed to the dilution required by final extracts in order to diminish matrix effects and also to the performance of the instrumentation used. So, the present work provides excellent results in terms of matrix effects without sacrificing the overall sensitivity. Repeatability was similar to that reported by conventional LC-MS methods (Aguilera-Luiz, Martínez Vidal, Romero-González, & Garrido-Frenich, 2008; Kaufmann, Butcher, Maden, Walker, & Widmer, 2014), so the poor repeatability associated with old nanoflow LC systems was not observed. In contrast, the use of this approach based on nanoflow liquid chromatography resulted advantageous. For instance, the recoveries and matrix effects obtained compared favorably against those obtained in milk by other authors using the same extraction method and the same mass spectrometer, but conventional UHPLC (Kaufmann, Butcher, Maden, Walker, & Widmer, 2014; Wang, Leung, Chow, Chang & Wong, 2015). Recoveries and matrix effects were also better than those obtained by other sample preparation protocols such as SPE or ultrafiltration (see Table S3).
Finally, to illustrate the applicability of the method, four milk samples obtained from different local market were analyzed. The veterinary drugs residues present in milk samples were quantified and identified according to the SANTE guidelines (European Commission, 2015), which establishes a tolerance level for the relative intensity between qualifier and quantifier ions. The veterinary drugs concentration was calculated from the corresponding calibration curve (Table 4). These four samples showed detectable levels of oxacillin, oxytetracycline, penicillin G, penicillin V and thiabendazole residues, although below MRLs in all cases. These substances could be expected in samples, since penicillins are antibiotics used against respiratory infections, although its use is limited in milk-producing cows, thiabendazole is a nematicide antihelmine and, oxacillin and oxytetracycline are broad-spectrum antibiotics used against bacterial, mycoplasmic and protozootic infections.

4. Concluding remarks
In this work, a multiresidue method using nanoLC-HRMS was developed for the detection and quantification of 87 veterinary drugs in food samples including honey, milk, muscle of veal and egg samples. Accurate mass measurements combined with RT information and AIF fragmentation were used for appropriate analyte quantification and identification. The use of SOSLE, for milk, veal muscle and egg, or modified QuEChERS, for honey, sample treatment permitted appropriate recovery rates in all cases. The lowest concentration level detectable of the different veterinary drugs/commodity combinations were all well below that their corresponding MRLs. Thus, the sensitivity of the proposed method was satisfactory. It is worth mentioning that, unlike in previous related studies, matrix effects were completely removed for all the compounds and matrices tested. This was accomplished by optimizing the parameters of the method and applying a dilution factor of 100 to the sample. This makes the use of matrix-matched calibration or standard addition method no longer necessary, a valuable feature considering the potential savings from its implementation in laboratories.
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Figure Captions 
Figure 1. Mass spectrum of oxybendazole in veal spiked at 10 µg kg-1 with dilution factor of 100.
Figure 2.  (A) Extracted ion chromatograms of oxybendazole spiked at 0.1 µg L-1 in solvent and 10 µg kg -1 in milk, veal muscle, egg and honey with dilution factor of 100, and (B) Peak area precision for ivermectin at 10 µg kg-1 in milk extract with dilution factor of 100. 
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Table 1. List of studied veterinary drugs with chemical formula, capacity factor (k´), retention time, theoretical and experimental mass of extracted parent ion and relative mass error (expressed in parts per million (ppm)).
	Compound
	Elemental
Composition
	Capacity Factor
(k´)
	RT (min)
	a RSD (%)
 (RT (n =6))
	Theoretical
m/z
	Experimental
m/z
	Error
(ppm)

	Acetamiprid
	C10H11ClN4
	2.5
	15.76
	0.45
	223.0745
	223.0748
	1.3

	Acriflavine
	C14H14ClN3
	4.4
	20.4
	0.55
	260.0949
	260.0956
	2.7

	Albendazole
	C12H15N3O2S
	6.9
	20.05
	0.29
	226.0958
	226.0961
	1.3

	Albendazole Sulfone
	C12H15N3O4S
	9.3
	16.01
	0.45
	298.0856
	298.0854
	-0.7

	Albendazole Sulfoxide
	C12H15N3O3S
	8.3
	10.07
	0.49
	282.0907
	282.0905
	-0.7

	Alternogest
	C21H26O2
	7.8
	26.32
	0.38
	311.2006
	311.2014
	2.6

	Amoxicillin
	C16H19N3O5S
	9.2
	1.05
	0.41
	336.1118
	336.1126
	2.4

	Betamethasone
	C22H29FO5
	8.3
	22.28
	0.42
	393.2072
	393.208
	2.0

	Carbosulfan
	C20H32N2O3S
	11.3
	5.7
	0.43
	381.2206
	381.2214
	2.1

	Cefalexin
	C16H17N3O4S
	9.9
	3.33
	0.57
	348.1013
	348.1021
	2.3

	Cefazolin
	C14H14N8O4S3
	7.2
	13.93
	0.44
	455.0373
	455.0367
	-1.3

	Ceftiofur
	C19H17N5O7S3
	9.9
	20.02
	0.43
	524.0363
	524.0357
	-1.1

	Chloramphenicol
	C11H12O5N2Cl2
	12.7
	18.06
	0.44
	323.0196
	323.0204
	2.5

	Chlorpyrifos ethyl
	C9H11Cl3NO3PS
	7.4
	31.55
	0.34
	349.9336
	349.9344
	2.3

	Chlortetracycline 
	C22H23ClN2O8
	7.2
	3.33
	0.51
	479.1216
	479.121
	-1.2

	Ciprofloxacin
	C17H18FN3O3
	7.5
	3.33
	0.56
	332.1405
	332.1413
	2.4

	Clenbuterol
	C12H18Cl2N2O
	9.6
	3.33
	0.54
	277.0869
	277.0876
	2.5

	Cloxacillin
	C19H18ClN3O5S
	9.7
	24.71
	0.40
	468.0991
	468.0985
	-1.3

	Colchicine
	C22H25NO6
	9.4
	19.65
	0.45
	400.1755
	400.1749
	-1.5

	Cortisone
	C21H28O5
	12.7
	20.95
	0.44
	361.201
	361.2018
	2.2

	Danofloxacin
	C19H20FN3O3
	8.0
	3.34
	0.55
	358.1561
	358.1569
	2.2

	Dapsone
	(H2NC6H4)2SO2
	7.2
	13.61
	0.45
	249.0692
	249.0695
	1.2

	Dicloxacillin
	C19H17N3Cl2O5S
	7.5
	26.16
	0.37
	470.0339
	470.0333
	-1.3

	Difloxacin
	C21H19F2N3O3
	10.5
	3.34
	0.53
	400.1467
	400.1461
	-1.5

	Dimetridazole
	C5H7N3O2
	9.2
	4.77
	0.50
	142.0611
	142.0614
	2.1

	Enoxacin
	C15H17FN4O3
	9.6
	3.33
	0.58
	321.1357
	321.1365
	2.5

	Enrofloxacin
	C19H22FN3O3
	7.3
	3.34
	0.55
	360.1718
	360.1726
	2.2

	Eprinomectin
	C50H75NO14
	9.2
	23.33
	0.48
	914.526
	914.5254
	-0.7

	Febantel
	C20H22N4O6S
	11.7
	13.06
	0.51
	331.1223
	331.1231
	2.4

	Febendazole
	C15H13N3O2S
	7.6
	23.32
	0.41
	300.0801
	300.0799
	-0.7

	Fenthion
	C10H15O3PS2
	8.3
	29.01
	0.36
	279.0273
	279.028
	2.5

	Fleroxacin
	C17H18F3N3O3
	7.6
	3.33
	0.56
	370.1373
	370.1381
	2.2

	Flumequine
	C14H12FNO3
	7.0
	22.49
	0.41
	262.0874
	262.0881
	2.7

	Imidacloprid
	C9H10ClN5O2
	7.4
	13.86
	0.45
	256.0596
	256.0603
	2.7

	Ivermectin
	C48H72O14
	8.5
	22.09
	0.50
	875.5151
	875.5145
	-0.7

	Josamycin
	C42H69NO15
	8.0
	17.03
	0.65
	828.474
	828.4734
	-0.7

	Leucomalachite Green
	C23H26N2
	10.2
	21.52
	0.40
	331.2169
	331.2177
	2.4

	Levamisole
	C11H12N2S
	11.7
	3.35
	0.62
	205.0794
	205.0797
	1.5

	Lincomycin
	C18H35N2O6S
	7.2
	3.33
	0.63
	407.221
	407.2204
	-1.5

	Malachite Green
	C23H24N2
	10.2
	20.91
	0.47
	329.2012
	329.202
	2.4

	Marbofloxacin
	C17H20FN4O4
	9.3
	3.33
	0.58
	363.1463
	363.1471
	2.2

	Mebendazole
	C16H13N3O3
	8.1
	21.11
	0.43
	296.103
	296.1028
	-0.7

	Metronidazole
	C6H9N3O3
	6.8
	3.56
	0.54
	128.0456
	128.0459
	2.3

	Minocycline
	C23H28N3O7
	11.1
	3.34
	0.67
	458.1922
	458.1916
	-1.3

	Nandrolon
	C18H26O2
	8.0
	24.04
	0.40
	275.2006
	275.2013
	2.5

	Norfloxacin
	C16H18FN3O3
	6.5
	3.33
	0.47
	320.1405
	320.1413
	2.5

	Ofloxacin
	C18H20FN3O4
	7.3
	3.33
	0.56
	362.1511
	362.1519
	2.2

	Orbifloxacin
	C19H21F3N3O3
	8.7
	3.33
	0.54
	396.153
	396.1524
	-1.5

	Oxacillin
	C19H19N3O5S
	7.0
	23.89
	0.41
	434.138
	434.1374
	-1.4

	Oxfendazole
	C15H14N3O3S
	9.7
	16.33
	0.46
	316.075
	316.0758
	2.5

	Oxolinic Acid
	C13H11NO5
	6.1
	18.66
	0.44
	262.071
	262.0717
	2.7

	Oxybendazole
	C12H15N3O3
	7.7
	20.14
	0.38
	250.1186
	250.1189
	1.2

	Oxytetracycline
	C22H24N2O9
	6.5
	3.33
	0.54
	461.1555
	461.1549
	-1.3

	Paclobutrazol
	C15H20ClN3O
	10.7
	25.54
	0.39
	294.1368
	294.1366
	-0.7

	Penicillin G
	C16H18N2O4S
	8.6
	21.29
	0.36
	335.106
	335.1068
	2.4

	Penicillin V
	C16H18N2O5S
	7.2
	26.61
	0.42
	383.1271
	383.1279
	2.1

	Phenylbutazone
	C19H20N2O2
	7.4
	29.85
	0.37
	309.1598
	309.1606
	2.6

	Ractopamine
	C18H23O3
	10.3
	28.22
	0.40
	260.1645
	260.1652
	2.7

	Rifaximin
	C43H51N3O11
	9.0
	28.75
	0.39
	786.3596
	786.359
	-0.8

	Ronidazole
	C6H8N4O4
	9.5
	22.05
	0.51
	140.0455
	140.0458
	2.1

	Roxithromycin
	C41H76N2O15
	11.2
	20.39
	0.55
	837.5318
	837.5312
	-0.7

	Sarafloxacin
	C20H17F2N3O3
	7.5
	20.81
	0.54
	386.1311
	386.1319
	2.1

	Spinosad A
	C41H65NO10
	10.9
	24.06
	0.46
	732.4681
	732.4675
	-0.8

	Sulfabenzamide
	C13H12N2O3S
	4.3
	25.69
	0.43
	156.0114
	156.0117
	1.9

	Sulfacetamide
	C8H10N2O3S
	10.0
	21.89
	0.51
	156.0114
	156.0117
	1.9

	Sulfachloropyridazine
	C10H11ClN4O2S
	11.4
	24.73
	0.45
	285.0208
	285.0206
	-0.7

	Sulfadiazine
	C10H12N4O2S
	9.1
	22.42
	0.50
	251.0597
	251.06
	1.2

	Sulfadimethoxyn
	C12H14N4O4S
	7.5
	25.73
	0.43
	311.0809
	311.0817
	2.6

	Sulfadoxine
	C12H14N4O4S
	11.2
	24.95
	0.45
	311.0809
	311.0817
	2.6

	Sulfaguanidine
	C7H10N4O2S
	10.7
	16.01
	0.70
	215.0597
	215.06
	1.4

	Sulfamerazine
	C11H12N4O2S
	10.9
	23.05
	0.48
	281.0703
	281.071
	2.5

	Sulfameter
	C11H12N4O3S
	8.1
	23.08
	0.48
	281.0703
	281.0701
	-0.7

	Sulfamethazine
	C12H14N4O2S
	7.6
	23.86
	0.47
	279.091
	279.0917
	2.5

	Sulfamethoxazole
	C10H13N3O3S
	7.6
	24.99
	0.45
	254.0594
	254.0597
	1.2

	Sulfamethoxypyridazine
	C11H12N4O3S
	9.0
	22.31
	0.50
	281.0703
	281.0701
	-0.7

	Sulfamonomethoxine
	C11H12N4O3S
	9.6
	22.33
	0.50
	281.0703
	281.0701
	-0.7

	Sulfamoxole
	C11H13N3O3S
	8.0
	25.2
	0.44
	268.075
	268.0757
	2.6

	Sulfanitran
	C14H13N3O5S
	9.2
	26.51
	0.42
	336.0649
	336.0657
	2.4

	Sulfapyridine
	C11H11N3O2S
	8.3
	22.78
	0.49
	250.0645
	250.0648
	1.2

	Sulfaquinoxaline
	C14H12N4O2S
	9.7
	25.71
	0.43
	301.0754
	301.0762
	2.7

	Sulfathiazole
	C9H11N3O2S2
	9.7
	22.4
	0.50
	256.0209
	256.0216
	2.7

	Sulfisoxazol
	C11H13N3O3S
	5.7
	23.21
	0.48
	268.075
	268.0757
	2.6

	Terbutaline hemisulfate
	C12H19NO3
	1.2
	26.15
	0.43
	357.0955
	357.0963
	2.2

	Tetracycline
	C22H24N2O8
	9.3
	20.74
	0.54
	445.1605
	445.1599
	-1.4

	Thiabendazole
	C10H7N3S
	8.9
	19.89
	0.56
	202.0433
	202.0436
	1.5

	Tolfenamic Acid
	C14H12ClNO2
	9.3
	31.39
	0.36
	262.0629
	262.0636
	2.7

	Trimethoprim
	C14H20N4O3
	7.1
	19.01
	0.59
	291.1452
	291.145
	-0.7

	a RSD calculated from 6 injections in different days (across 120 injections) in milk at 10 µg kg-1 diluted 100 times.
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Table 2. Recoveries (%) and linearity (R2) obtained in the studied matrices with the proposed nanoLC-HRMS method using a dilution factor of 100. Lowest concentration level assayed and the corresponding signal to noise are also included.
	Compound
	Recovery (%) (n=6)
	Lowest concentration level a
	R2

	
	Samples spiked at 10 µg kg-1 (dilution 1:100)
	(µg kg-1)
	

	
	Milk
	Veal
	Egg
	Honey
	Milk
	Veal
	Egg
	Honey
	

	
	R (%)
	RSD (%)
	R (%)
	RSD (%)
	R (%)
	RSD (%)
	R (%)
	RSD (%)
	Level
	S/N
	Level
	S/N
	Level
	S/N
	Level
	S/N
	Milk
	Veal
	Egg
	Honey

	Acetamiprid
	94.6
	7.1
	94.6
	7.3
	95.1
	19.7
	94.6
	6.8
	0.1
	539
	0.1
	480
	0.1
	330
	0.1
	209
	0.997
	0.997
	0.997
	0.998

	Albendazole
Sulfone
	93.9
	18.3
	93.9
	18.3
	93.9
	10.3
	93.9
	18.3
	1
	1102
	1
	16
	1
	292
	1
	359
	0.993
	0.993
	0.995
	0.994

	Albendazole
Sulfoxide
	94.2
	12.8
	94.2
	19.7
	94.2
	18.3
	94.2
	9.7
	1
	45
	1
	497
	1
	456
	1
	156
	0.999
	0.999
	0.992
	0.995

	Alternogest
	112.3
	2.4
	112.3
	2.5
	112.3
	11.2
	112.3
	8.4
	0.1
	69
	0.1
	16
	1
	186
	0.1
	48
	0.999
	0.999
	0.992
	0.997

	Amoxicillin
	107.9
	19.7
	107.9
	17.9
	107.9
	9.5
	108.0
	20.1
	1
	19
	0.1
	16
	1
	19
	1
	60
	0.995
	0.995
	0.995
	0.996

	Betamethasone
	89.5
	1.1
	89.5
	5.7
	89.5
	12.8
	89.5
	19.8
	0.1
	69
	0.1
	16
	1
	66
	0.1
	43
	0.996
	0.996
	0.996
	0.996

	Cefalexin
	102.2
	11.2
	102.2
	17.7
	102.2
	7.7
	102.2
	8.5
	0.1
	654
	0.1
	215
	0.1
	215
	0.1
	241
	0.994
	0.994
	0.994
	0.994

	Cefazolin
	100.8
	17.3
	100.8
	17.3
	100.0
	13.3
	100.7
	18.1
	0.1
	511
	0.1
	16
	0.1
	124
	0.1
	24
	0.992
	0.992
	0.993
	0.993

	Ceftiofur
	90.3
	5.8
	90.3
	5.8
	93.1
	5.3
	90.4
	5.8
	1
	305
	1
	16
	1
	494
	1
	154
	0.995
	0.995
	0.995
	0.996

	Chloramphenicol
	109.2
	14.2
	109.2
	14.2
	109.2
	3.9
	109.4
	14.2
	0.1
	230
	0.1
	193
	0.1
	180
	0.1
	128
	0.998
	0.998
	0.998
	0.998

	Chlorpyrifos
	98.5
	20.0
	98.5
	17.8
	98.5
	4.6
	98.6
	9.7
	1
	2044
	0.1
	16
	0.1
	230
	1
	2057
	0.998
	0.998
	0.998
	0.999

	Chlortetra-cycline
	110.0
	19.9
	111.5
	19.5
	117.4
	13.1
	108.5
	9.4
	1
	21
	0.1
	16
	1
	22
	1
	121
	0.995
	0.995
	0.995
	0.996

	Ciprofloxacin
	118.1
	6.8
	118.1
	15.2
	116.7
	20.0
	103.8
	13.6
	1
	212
	0.1
	16
	0.1
	12
	0.1
	32
	0.996
	0.996
	0.994
	0.994

	Clenbuterol
	95.6
	19.2
	95.3
	20.0
	95.6
	15.5
	95.6
	19.2
	0.1
	159
	1
	12
	0.1
	97
	0.1
	105
	1
	1
	1
	1

	Cloxacillin
	90.5
	6.7
	90.5
	7.6
	90.5
	10.8
	90.5
	10.4
	1
	43
	0.1
	16
	0.1
	159
	1
	56
	0.991
	0.991
	0.991
	0.991

	Colchicine
	110.0
	18.6
	110.0
	19.8
	110.2
	17.0
	110.3
	20.0
	1
	60
	0.1
	16
	1
	31
	0.1
	16
	0.995
	0.995
	0.995
	0.995

	Cortisone
	110.7
	17.5
	110.7
	17.5
	110.7
	15.5
	110.8
	17.5
	0.1
	654
	0.1
	16
	1
	96
	0.1
	235
	0.993
	0.993
	0.993
	0.993

	Danofloxacin
	95.8
	17.4
	95.8
	14.4
	95.8
	4.8
	95.9
	10.2
	0.1
	212
	0.1
	213
	0.1
	209
	0.1
	107
	0.996
	0.996
	0.996
	0.997

	Dapsone
	113.8
	17.6
	113.8
	15.6
	113.8
	5.9
	113.8
	10.3
	0.1
	22
	0.1
	16
	1
	49
	0.1
	19
	0.998
	0.998
	0.998
	0.999

	Dicloxacillin
	95.0
	19.5
	95.0
	15.9
	95.0
	19.2
	95.0
	7.7
	0.1
	116
	1
	66
	1
	87
	0.1
	77
	0.993
	0.993
	0.993
	0.993

	Difloxacin
	98.4
	12.1
	98.4
	12.1
	98.4
	12.8
	98.5
	19.9
	1
	126
	0.1
	109
	0.1
	109
	1
	304
	0.996
	0.996
	0.996
	0.996

	Dimetridazole
	100.5
	3.5
	100.5
	6.3
	100.5
	3.0
	100.5
	20.0
	0.1
	108
	0.1
	16
	1
	118
	0.1
	74
	0.996
	0.996
	0.996
	0.997

	Enoxacin
	92.5
	3.0
	92.5
	3.1
	92.5
	3.0
	92.5
	3.0
	1
	53
	0.1
	71
	0.1
	78
	1
	18
	0.99
	0.99
	0.99
	0.995

	Enrofloxacin
	100.6
	7.7
	100.6
	11.3
	100.6
	1.1
	100.6
	17.0
	0.1
	149
	0.1
	16
	1
	100
	0.1
	102
	0.993
	0.993
	0.993
	0.993

	Febantel
	95.8
	14.1
	95.8
	16.6
	95.8
	10.5
	95.8
	9.5
	0.1
	149
	0.1
	16
	1
	60
	0.1
	101
	0.995
	0.995
	0.995
	0.996

	Febendazole
	114.8
	3.0
	114.8
	3.0
	114.8
	5.8
	114.8
	0.0
	0.1
	219
	1
	4109
	1
	3657
	0.1
	124
	1
	1
	1
	1

	Fenthion
	110.1
	5.7
	110.1
	5.7
	100.1
	15.0
	110.1
	5.7
	1
	14
	0.1
	16
	0.1
	12
	1
	3521
	0.993
	1
	0.996
	0.996

	Fleroxacin
	112.3
	9.5
	112.3
	9.5
	112.3
	9.5
	112.3
	9.5
	1
	61
	1
	16
	1
	2578
	1
	357
	0.996
	0.996
	0.996
	0.996

	Flumequine
	115.7
	17.4
	115.7
	19.5
	115.7
	10.5
	115.7
	9.8
	1
	34
	0.1
	16
	1
	14
	1
	89
	0.994
	0.994
	0.994
	0.994

	Imidacloprid
	120.5
	8.5
	120.5
	10.2
	120.0
	8.5
	120.5
	10.5
	0.1
	46
	0.1
	154
	0.1
	156
	0.1
	25
	0.999
	1
	1
	0.999

	Josamycin
	104.5
	10.8
	104.5
	9.6
	104.5
	5.7
	104.5
	6.6
	0.1
	508
	0.1
	105
	0.1
	92
	0.1
	199
	0.997
	0.997
	0.997
	0.997

	Leucomalachite
Green
	104.5
	18.6
	104.5
	19.8
	104.5
	18.6
	104.5
	5.4
	0.1
	55
	0.1
	180
	0.1
	193
	0.1
	38
	0.995
	0.995
	0.995
	0.995

	Levamisole
	103.3
	15.7
	103.3
	15.7
	103.3
	13.0
	103.3
	10.0
	0.1
	51
	0.1
	16
	1
	105
	0.1
	26
	0.995
	0.995
	0.995
	0.996

	Lincomycin
	118.8
	5.9
	118.8
	16.1
	118.8
	17.5
	118.9
	8.3
	0.1
	124
	0.1
	23
	0.1
	25
	0.1
	89
	0.998
	0.998
	0.998
	0.999

	Malachite
Green
	88.5
	4.8
	88.5
	4.8
	88.5
	4.8
	88.5
	4.8
	1
	93
	1
	105
	1
	93
	1
	58
	0.991
	0.991
	0.991
	0.991

	Marbofloxacin
	120.2
	20.2
	120.2
	20.2
	120.2
	9.4
	120.2
	20.2
	0.1
	525
	0.1
	16
	1
	27
	0.1
	206
	0.995
	0.995
	0.995
	0.995

	Mebendazole
	102.7
	7.2
	102.7
	13.0
	102.7
	5.3
	102.8
	9.6
	0.1
	4046
	0.1
	16
	0.1
	5387
	0.1
	589
	0.991
	0.991
	0.994
	0.992

	Metronidazole
	73.8
	13.0
	73.8
	13.6
	108.9
	17.3
	73.8
	10.6
	0.1
	197
	0.1
	147
	0.1
	171
	0.1
	106
	0.998
	0.997
	0.999
	0.995

	Minocycline
	118.0
	9.8
	118.3
	18.2
	118.0
	3.5
	118.0
	5.4
	0.1
	221
	0.1
	201
	0.1
	48
	0.1
	127
	0.999
	0.999
	0.999
	0.999

	Nandrolon
	109.1
	7.6
	109.1
	6.7
	109.1
	17.6
	109.1
	5.4
	1
	30
	0.1
	201
	0.1
	205
	1
	43
	0.998
	0.998
	0.998
	0.998

	Norfloxacin
	91.2
	18.9
	91.2
	18.9
	91.2
	14.7
	91.3
	18.8
	1
	18
	0.1
	16
	1
	81
	1
	74
	0.997
	0.997
	0.997
	0.997

	Ofloxacin
	86.9
	16.5
	86.9
	16.7
	86.9
	6.8
	86.9
	20.0
	0.1
	1363
	0.1
	103
	0.1
	87
	0.1
	402
	0.998
	0.990
	0.993
	0.991

	Orbifloxacin
	113.7
	10.5
	113.6
	13.2
	109.8
	8.9
	113.7
	10.5
	0.1
	604
	0.1
	154
	0.1
	156
	0.1
	214
	0.994
	0.995
	0.995
	0.995

	Oxacillin
	105.7
	4.6
	105.7
	8.7
	105.7
	15.7
	105.8
	10.3
	0.1
	1027
	0.1
	248
	0.1
	248
	0.1
	258
	0.995
	0.995
	0.995
	0.995

	Oxfendazole
	113.7
	5.3
	113.7
	5.3
	119.0
	8.4
	113.7
	5.3
	0.1
	573
	0.1
	16
	1
	52
	0.1
	214
	0.994
	0.994
	0.994
	0.994

	Oxolinic Acid
	101.1
	13.4
	101.1
	14.7
	101.1
	14.1
	101.1
	6.8
	0.1
	17
	0.1
	398
	0.1
	400
	0.1
	16
	0.993
	0.994
	0.994
	0.994

	Oxybendazole
	120.3
	10.5
	120.3
	9.3
	120.3
	12.1
	120.2
	5.8
	1
	105
	0.1
	51
	0.1
	49
	1
	118
	0.994
	0.994
	0.994
	0.994

	Oxytetracycline
	116.3
	9.4
	116.3
	5.9
	116.3
	19.5
	116.2
	6.8
	0.1
	37
	0.1
	16
	1
	3495
	0.1
	21
	0.995
	0.994
	0.995
	0.995

	Paclobutrazol
	111.2
	7.4
	111.2
	7.4
	111.2
	7.4
	111.1
	7.4
	1
	54
	0.1
	16
	1
	325
	1
	63
	0.997
	0.997
	0.997
	0.998

	Penicillin G
	93.7
	13.8
	93.7
	13.8
	93.7
	12.1
	93.7
	13.8
	0.1
	360
	0.1
	16
	1
	30
	0.1
	181
	0.99
	0.99
	0.993
	0.991

	Penicillin V
	95.3
	15.5
	95.3
	15.5
	95.3
	3.0
	95.3
	17.9
	0.1
	19
	0.1
	16
	1
	56
	0.1
	17
	0.991
	0.991
	0.994
	0.992

	Phenylbutazone
	94.2
	14.7
	94.2
	14.7
	95.5
	13.7
	94.1
	14.7
	0.1
	58079
	0.1
	36
	0.1
	26
	0.1
	856
	0.99
	0.99
	0.993
	0.991

	Ractopamine
	91.3
	10.3
	91.3
	10.3
	91.3
	4.4
	91.3
	10.3
	1
	201
	0.1
	39722
	0.1
	38387
	1
	214
	0.993
	0.993
	0.995
	0.994

	Rifaximin
	104.8
	15.5
	104.8
	15.5
	104.8
	14.2
	104.8
	16.9
	0.1
	97
	0.1
	16
	1
	98
	0.1
	59
	0.998
	0.998
	0.998
	0.999

	Ronidazole
	116.1
	13.1
	116.1
	13.1
	116.1
	12.3
	116.1
	13.1
	0.1
	265
	0.1
	23
	0.1
	43
	0.1
	148
	0.999
	0.999
	0.992
	0.996

	Roxithromycin
	120.1
	13.7
	120.1
	13.7
	120.1
	19.9
	120.1
	10.1
	0.1
	37
	0.1
	16
	1
	8530
	0.1
	19
	0.997
	0.997
	0.997
	0.998

	Sarafloxacin
	113.9
	3.9
	113.9
	3.9
	113.9
	18.6
	113.9
	10.4
	0.1
	71
	0.1
	144
	0.1
	144
	0.1
	53
	0.993
	0.993
	0.993
	0.993

	Spinosad A
	96.9
	12.1
	96.9
	12.1
	96.9
	10.1
	96.9
	12.1
	1
	169
	0.1
	102
	0.1
	86
	1
	182
	0.993
	0.993
	0.995
	0.994

	Sulfabenzamide
	91.2
	12.3
	91.2
	12.3
	91.2
	19.9
	91.1
	12.4
	0.1
	377
	0.1
	2017
	0.1
	2119
	0.1
	187
	0.993
	0.994
	0.993
	0.993

	Sulfacetamide
	115.5
	19.9
	115.5
	19.9
	115.5
	16.7
	115.5
	9.6
	0.1
	117
	0.1
	231
	0.1
	225
	0.1
	81
	0.994
	0.994
	0.994
	0.995

	Sulfachloropyri-dazine
	97.1
	10.1
	97.1
	19.5
	97.1
	20.2
	97.1
	10.2
	1
	24
	0.1
	16
	0.1
	352
	1
	137
	0.997
	0.995
	0.996
	0.996

	Sulfadiazine
	94.3
	4.4
	94.3
	4.4
	94.3
	4.4
	94.2
	4.4
	1
	26
	0.1
	16
	1
	29
	1
	1547
	0.996
	0.996
	0.996
	0.997

	Sulfadimethoxyn
	115.0
	17.2
	115.0
	17.0
	115.0
	7.6
	115.0
	9.9
	1
	33
	0.1
	178
	0.1
	154
	1
	86
	0.994
	0.994
	0.994
	0.994

	Sulfadoxine
	120.4
	8.4
	120.4
	8.4
	120.4
	8.4
	120.4
	8.5
	0.1
	796
	0.1
	16
	1
	64
	0.1
	241
	0.995
	0.995
	0.995
	0.996

	Sulfaguanidine
	118.7
	2.0
	118.7
	10.0
	118.7
	19.0
	118.7
	14.0
	1
	12
	0.1
	16
	1
	72
	1
	129
	0.997
	0.997
	0.997
	0.998

	Sulfamerazine
	90.5
	19.6
	90.5
	16.9
	90.5
	16.5
	90.4
	9.8
	1
	3019
	0.1
	16
	1
	2888
	0.1
	12
	0.998
	0.998
	0.998
	0.999

	Sulfameter
	110.6
	10.3
	110.6
	6.8
	110.6
	2.4
	110.5
	19.5
	0.1
	15
	0.1
	16
	0.1
	576
	0.1
	15
	0.999
	0.999
	0.992
	0.99

	Sulfamethazine
	107.2
	10.1
	107.2
	10.1
	107.2
	17.2
	107.2
	10.1
	1
	1102
	0.1
	16
	1
	971
	0.1
	12
	0.999
	0.999
	0.999
	1

	Sulfamethoxa-zole
	90.6
	17.3
	90.6
	20.0
	90.6
	18.9
	90.2
	9.9
	1
	202
	0.1
	16
	1
	71
	0.1
	12
	0.998
	0.998
	0.998
	0.999

	Sulfamethoxy-pyridazine
	120.1
	7.7
	120.1
	7.7
	120.1
	7.7
	120.1
	7.7
	0.1
	1098
	0.1
	16
	1
	71
	0.1
	301
	0.994
	0.994
	0.994
	0.995

	Sulfamonome-thoxine
	103.7
	8.2
	103.7
	16.2
	103.7
	18.9
	103.7
	10.1
	0.1
	89
	0.1
	54
	0.1
	36
	0.1
	54
	0.996
	0.996
	0.996
	0.997

	Sulfamoxole
	105.3
	5.4
	105.3
	5.4
	105.3
	5.4
	105.3
	5.4
	0.1
	99
	0.1
	18
	0.1
	14
	0.1
	60
	0.997
	0.997
	0.997
	0.998

	Sulfanitran
	114.7
	8.4
	114.7
	8.3
	114.7
	8.4
	114.6
	8.3
	0.1
	322
	0.1
	16
	1
	80
	0.1
	158
	0.994
	0.994
	0.994
	0.994

	Sulfapyridine
	102.9
	15.8
	102.9
	19.8
	102.9
	6.7
	102.9
	16.2
	1
	23
	0.1
	64
	0.1
	64
	0.1
	12
	0.999
	0.999
	0.999
	1

	Sulfaquinoxaline
	96.3
	5.4
	96.3
	5.4
	96.3
	5.4
	96.3
	5.4
	0.1
	57
	0.1
	68
	0.1
	61
	0.1
	43
	0.994
	0.994
	0.994
	0.995

	Sulfathiazole
	101.2
	6.8
	101.2
	6.8
	101.2
	6.8
	101.2
	6.8
	0.1
	101
	0.1
	1578
	0.1
	1896
	0.1
	63
	0.995
	0.995
	0.995
	0.996

	Sulfisoxazol
	94.6
	5.8
	94.6
	5.8
	94.6
	5.8
	94.6
	5.8
	0.1
	13
	0.1
	48
	0.1
	40
	0.1
	14
	0.999
	0.999
	0.999
	0.999

	Terbutaline hemisulfate
	112.4
	5.4
	112.4
	5.4
	112.4
	5.4
	112.3
	5.4
	0.1
	52
	0.1
	66
	0.1
	67
	0.1
	34
	0.991
	0.991
	0.994
	0.992

	Tetracycline
	105.5
	20.0
	105.5
	20.0
	105.5
	13.8
	105.5
	20.0
	0.1
	104
	0.1
	90
	0.1
	79
	0.1
	68
	0.993
	0.993
	0.995
	0.994

	Thiabendazole
	107.1
	8.5
	107.1
	8.5
	107.1
	8.5
	107.1
	8.5
	0.1
	13
	0.1
	110
	0.1
	110
	1
	124
	0.997
	0.997
	0.997
	0.998

	Tolfenamic
Acid
	90.5
	4.7
	90.5
	6.8
	90.5
	9.8
	90.4
	10.0
	1
	11
	0.1
	105
	0.1
	93
	0.1
	12
	0.991
	0.991
	0.991
	0.991

	Trimethoprim
	82.3
	11.4
	102.9
	17.9
	102.9
	4.5
	111.8
	15.1
	0.1
	13
	0.1
	31
	0.1
	37
	0.1
	13
	0.999
	0.999
	0.999
	1

	Acriflavine
	98.2
	6.6
	98.2
	6.6
	98.2
	6.6
	98.2
	6.5
	0.1
	873
	0.1
	48
	0.1
	35
	0.1
	248
	0.993
	0.993
	0.993
	0.993

	Albendazole
	102.1
	20.1
	102.1
	20.1
	102.1
	7.4
	101.8
	20.0
	1
	13
	0.1
	78
	0.1
	78
	0.1
	12
	0.994
	0.994
	0.994
	0.994

	Carbosulfan
	120.0
	3.7
	120.0
	3.7
	120.0
	3.7
	120.0
	3.7
	0.1
	407
	0.1
	21
	0.1
	18
	0.1
	189
	0.994
	0.994
	0.994
	0.995

	Eprinomectin
	117.1
	17.6
	117.1
	16.7
	117.1
	17.4
	117.1
	10.6
	1
	2922
	0.1
	16
	0.1
	1010
	0.1
	12
	0.999
	1
	0.999
	0.999

	Ivermectin
	93.3
	5.5
	93.3
	5.5
	93.3
	19.7
	93.3
	4.4
	0.1
	134
	0.1
	1000
	0.1
	315
	0.1
	100
	0.991
	0.996
	0.994
	0.994


a Corresponds to the lowest concentration level studied yielding S/N ratios equal or higher than 10.













Table 3. Matrix effects (%) obtained in the studied matrices with the proposed nanoLC-HRMS method using a dilution factor of 100.
	Compound
	Matrix Effects (%) a

	
	Milk
	Veal
	Egg
	Honey

	Acetamiprid
	0.0
	0.0
	0.0
	0.1

	Albendazole
Sulfone
	0.1
	0.7
	0.1
	1.5

	Albendazole
Sulfoxide
	0.1
	1.0
	0.1
	1.5

	Alternogest
	0.0
	0.2
	0.0
	0.5

	Amoxicillin
	0.0
	0.6
	0.0
	1.4

	Betamethasone
	0.0
	0.0
	0.0
	0.1

	Cefalexin
	0.3
	1.3
	0.2
	2.0

	Cefazolin
	0.0
	0.7
	0.9
	0.8

	Ceftiofur
	0.1
	1.2
	0.1
	2.6

	Chloramphenicol
	0.2
	6.3
	0.7
	9.4

	Chlorpyrifos
	0.1
	1.4
	0.2
	2.1

	Chlortetra-cycline
	0.0
	0.6
	0.1
	0.9

	Ciprofloxacin
	0.0
	0.8
	1.4
	0.3

	Clenbuterol
	0.1
	1.2
	0.1
	1.1

	Cloxacillin
	0.0
	0.1
	0.0
	0.1

	Colchicine
	0.0
	0.4
	0.4
	0.8

	Cortisone
	1.2
	1.3
	1.3
	2.0

	Danofloxacin
	0.0
	1.0
	0.1
	1.4

	Dapsone
	0.0
	0.9
	0.1
	1.4

	Dicloxacillin
	0.0
	0.9
	0.1
	1.3

	Difloxacin
	0.1
	1.5
	0.2
	2.3

	Dimetridazole
	0.0
	1.1
	0.1
	2.4

	Enoxacin
	0.1
	1.2
	0.1
	1.7

	Enrofloxacin
	0.5
	1.2
	0.6
	1.7

	Febantel
	0.0
	0.6
	0.0
	1.3

	Febendazole
	0.0
	0.5
	0.0
	1.1

	Fenthion
	1.7
	1.1
	0.3
	1.7

	Fleroxacin
	0.0
	0.2
	0.0
	0.5

	Flumequine
	0.0
	0.1
	0.0
	0.3

	Imidacloprid
	0.0
	0.0
	0.0
	0.0

	Josamycin
	0.0
	0.2
	0.0
	0.5

	Leucomalachite
Green
	0.0
	1.4
	0.1
	2.1

	Levamisole
	0.0
	0.2
	0.0
	0.3

	Lincomycin
	0.2
	3.6
	0.4
	5.4

	Malachite
Green
	0.1
	1.2
	0.1
	1.8

	Marbofloxacin
	0.0
	0.1
	0.0
	0.3

	Mebendazole
	0.5
	1.9
	0.4
	3.0

	Metronidazole
	0.2
	0.0
	0.2
	0.0

	Minocycline
	0.2
	0.8
	0.2
	1.2

	Nandrolon
	0.0
	0.9
	0.0
	1.9

	Norfloxacin
	0.4
	1.2
	0.3
	1.8

	Ofloxacin
	0.0
	0.1
	0.0
	0.3

	Orbifloxacin
	0.2
	0.2
	0.6
	1.3

	Oxacillin
	0.2
	4.6
	0.6
	6.8

	Oxfendazole
	0.0
	0.1
	0.0
	0.1

	Oxolinic Acid
	0.1
	1.3
	0.2
	2.0

	Oxybendazole
	0.1
	1.2
	0.2
	1.9

	Oxytetracycline
	0.1
	1.3
	0.2
	1.9

	Paclobutrazol
	0.1
	1.1
	0.1
	1.7

	Penicillin G
	0.0
	0.1
	0.0
	0.3

	Penicillin V
	0.0
	1.2
	0.1
	2.6

	Phenylbutazone
	0.0
	0.1
	0.0
	0.3

	Ractopamine
	0.0
	0.7
	0.0
	1.5

	Rifaximin
	0.0
	0.0
	0.0
	0.0

	Ronidazole
	0.1
	1.6
	0.2
	2.4

	Roxithromycin
	0.0
	0.2
	0.0
	0.5

	Sarafloxacin
	0.0
	0.1
	0.0
	0.2

	Spinosad A
	0.2
	0.6
	0.1
	0.9

	Sulfabenzamide
	1.9
	4.0
	1.6
	6.0

	Sulfacetamide
	0.0
	0.0
	0.0
	0.1

	Sulfachloropyri-dazine
	1.7
	1.5
	1.6
	2.3

	Sulfadiazine
	0.1
	1.1
	0.2
	2.4

	Sulfadimethoxyn
	0.0
	1.2
	0.1
	2.5

	Sulfadoxine
	0.0
	0.9
	0.1
	1.3

	Sulfaguanidine
	0.0
	0.4
	0.0
	0.8

	Sulfamerazine
	0.1
	1.4
	0.2
	2.1

	Sulfameter
	0.1
	1.2
	0.1
	1.9

	Sulfamethazine
	0.0
	0.6
	0.1
	0.9

	Sulfamethoxa-zole
	0.5
	9.2
	1.1
	3.8

	Sulfamethoxy-pyridazine
	0.0
	0.3
	0.0
	0.6

	Sulfamonome-thoxine
	0.0
	0.6
	0.1
	0.9

	Sulfamoxole
	0.0
	1.0
	0.1
	1.4

	Sulfanitran
	0.1
	1.0
	0.2
	1.5

	Sulfapyridine
	0.0
	0.8
	0.1
	1.2

	Sulfaquinoxaline
	0.0
	0.3
	0.0
	0.7

	Sulfathiazole
	0.0
	1.2
	0.1
	2.6

	Sulfisoxazol
	0.0
	1.2
	0.1
	2.7

	Terbutaline hemisulfate
	0.1
	2.0
	0.2
	3.0

	Tetracycline
	0.0
	0.6
	0.1
	0.9

	Thiabendazole
	0.0
	0.7
	0.1
	1.1

	Tolfenamic
Acid
	0.1
	1.4
	0.2
	2.1

	Trimethoprim
	0.0
	0.6
	0.0
	1.3

	Acriflavine
	0.0
	0.9
	0.0
	1.9

	Albendazole
	0.7
	6.4
	0.2
	9.6

	Carbosulfan
	0.0
	0.0
	0.0
	0.1

	Eprinomectin
	0.0
	1.0
	0.1
	2.3

	Ivermectin
	0.0
	0.1
	0.0
	0.3


a Matrix effects calculated as [(calibration curve slope in matrix/calibration curve slope in solvent)-1] x 100. 



Table 4. Veterinary drugs found in the study of real samples of milk and MRLs established for each compound found in milk matrix.  
	
	Oxacyllin
	Oxytetracycline
	Penicillin G
	Penicillin V
	Thiabendazole

	MRLa (g kg-1)
	30
	100
	Not legislated
	4
	100

	Sample 1
	0.52
	0.45
	< 0.1b  
	-
	0.13

	Sample 2
	0.34
	0.87
	< 0.1b  
	-
	0.15

	Sample 3
	0.30
	-
	< 0.1b  
	< 0.1b  
	0.28

	Sample 4
	-
	-
	< 0.1b  
	< 0.1b  
	0.10


a European Commission Regulation (EU) No 37/2010 (European Commission, 2010).
b Result below the lowest concentration level assayed.
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