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a penta-fluoro-phenyl silica-based column at neutral pH in the first dimension ( 1 D) and a C18 column at acidic pH in the second one ( 2 D). The conditions were optimized for a total analysis time of 60 min. The variability of both retention times and peak areas was evaluated. The average standard deviation on retention times was found to be less than 0.1 s in 2 D. The relative standard deviation on peak area was about 7 % for run-to-run analysis. This analytical approach, applied to the pharmaceutical effluents before (inlet) and after (outlet) wastewater treatment permitted to detect 240 compounds. These included 27 priority pharmaceutical products, 8 of which were of very high priority and their concentrations could be compared to target values. The comparison of 2D-LC and 1D-LC approaches clearly highlights the power of on-line RPLC x RPLC technique, which allows both targeted quantitative analysis and nontargeted qualitative analysis of pharmaceutical effluents. compounds. Reversed phase liquid chromatography (RPLC) was used in both dimensions, with 16 a penta-fluoro-phenyl silica-based column at neutral pH in the first dimension ( 1 D) and a C18 17 column at acidic pH in the second one ( 2 D). The conditions were optimized for a total analysis 18 time of 60 min. The variability of both retention times and peak areas was evaluated. [START_REF] Groskreutz | Selective comprehensive 636 multidimensional separation for resolution enhancement in high performance liquid 637 chromatography. Part II: Applications[END_REF] average standard deviation on retention times was found to be less than 0.1 s in 2 D. [START_REF] Snyder | Gradient elution in high-performance liquid 640 chromatography: I. Theoretical basis for reversed-phase systems[END_REF] relative standard deviation on peak area was about 7 % for run-to-run analysis. This analytical 21 approach, applied to the pharmaceutical effluents before (inlet) and after (outlet) wastewater 22 treatment permitted to detect 240 compounds. These included 27 priority pharmaceutical 23 products, 8 of which were of very high priority and their concentrations could be compared 24 to target values. The comparison of 2D-LC and 1D-LC approaches clearly highlights the power 25 of on-line RPLC x RPLC technique, which allows both targeted quantitative analysis and non-26 targeted qualitative analysis of pharmaceutical effluents. 27

Introduction 32

The pharmaceutical industry is a strictly regulated industrial sector. As a result of 33 environmental awareness, much more attention is now being paid to wastewater 34 management, which requires a specific internal policy to meet European directives [1,2]. The 35 content of wastewater effluent from industrial plants depends on the manufactured products 36 and may vary from batch to batch. Therefore, industrial operators promote on-site treatment 37 plants to better adapt the treatment to the physico-chemical properties of their products. The 38 process effluents usually consist of leftover chemical media and their rinsing water. They 39 therefore contain hundreds of molecules including known active pharmaceutical ingredients 40 (API), known intermediate products (IP), unknown impurities and degradation or 41 transformation products. The degradation strategy used in wastewater treatment plant 42 (WWTP) usually involves the application of multiple treatments to water, physical, chemical 43 and/or biological in order to reduce the number of organics they contain [START_REF] Mao | A bibliometric analysis of industrial 578 wastewater treatments from 1998 to 2019[END_REF]. The effluent can 44 then be either reused in the industrial cycle or safely released [START_REF] Guerra-Rodríguez | Towards the 581 Implementation of Circular Economy in the Wastewater Sector: Challenges and 582 Opportunities[END_REF]. De facto, the outlet water 45 should contain far fewer, if any, API or IP. However, it may contain new unknowns, such as 46 degradation products. 47

In order to comply with European recommendations [START_REF]Consolidated Annual Activity Report[END_REF] but also to maintain its technological 48 lead, a pharmaceutical manufacturer needs to continuously improve every step of its on-site 49 wastewater treatment infrastructure. To this end, analytical sciences must provide fast and 50 reliable results, by monitoring existing infrastructures or evaluating new treatment processes. 51

Focusing on a list of targets, usually consisting of API, IP and suspected impurities, the 52 industrial objectives are then multiple: 53 1) In order to tune the treatment, it is crucial to unambiguously identify the molecules 54 entering the treatment step. 55

2) The treatment step efficiency has to be evaluated in a timely manner, especially if 56 upgrades are performed. For that purpose, removal efficiency of targeted products 57 must be assessed. 58 [START_REF] Mao | A bibliometric analysis of industrial 578 wastewater treatments from 1998 to 2019[END_REF] In order to control the effluent and its fate, quantification of the outgoing molecules 59 is essential. If regulated molecules are of concern, this can trigger an alert, while 60 information on unregulated molecules can help industrial operators to prepare for 61 future regulatory changes. 62 4) Finally, with a view to continuous improvement, it is interesting to obtain informative 63 data on unknown molecules in outlet water, these molecules being either compounds 64 that have passed directly through the treatment or those produced by the treatment 65 itself (emerging substances). 66

The current analytical strategy for effluent monitoring is based on a set of specific LC-MS 67 methods. The need to use multiple methods increases the time required to rule on the 68 compliance of a given effluent and ultimately places the responsibility on the experience of 69 the analyst.. LC-triple quadrupole with selected reaction monitoring (SRM) is currently the key 70 technique for quantification analysis [START_REF] Meng | A review on analytical methods for 587 pharmaceutical and personal care products and their transformation products[END_REF][START_REF] Chen | Sample preparation and instrumental methods 590 for illicit drugs in environmental and biological samples: A review[END_REF]. On the other hand, high resolution mass 71 spectrometry (HRMS) with time of flight (ToF) analyzers can help to distinguish the numerous 72 closely related compounds generated during pharmaceutical production. TOF analyzers 73 operate in full scan mode, and thus detect a very large number of compounds, enabling 74 retrospective interpretation of the data if new targets are suspected. Furthermore, HRMS can 75 help the screening of unknown transformation products that may derive from the water 76 treatment itself [START_REF] Agüera | New trends in the analytical 593 determination of emerging contaminants and their transformation products in 594 environmental waters[END_REF]. Beyond their primary identification purpose, recent QToF analyzers with 77 improved sensitivity were found to be well suited for quantification [START_REF] Gómez | 597 Rapid automated screening, identification and quantification of organic micro-598 contaminants and their main transformation products in wastewater and river waters 599 using liquid chromatography-quadrupole-time-of-flight mass spectrometry with an 600 accurate-mass database[END_REF]. 78

Increasing both the selectivity and the peak capacity is an absolute requirement to avoid 79 isobar co-elution and matrix effects in complex samples such as industrial wastewater. The 80 potential of comprehensive multidimensional separation techniques hyphenated to HRMS 81 was therefore explored for wastewater analysis. These techniques involved the combination 82 of either two GC dimensions (GC x GC) [START_REF] Blum | Comprehensive 603 assessment of organic contaminant removal from on-site sewage treatment facility 604 effluent by char-fortified filter beds[END_REF][START_REF] Lacina | Application of comprehensive two-dimensional gas 607 chromatography with mass spectrometric detection for the analysis of selected drug 608 residues in wastewater and surface water[END_REF], liquid chromatography with ion mobility (LC x 83 IM) [12], or two LC dimensions (LC x LC), which was applied to the analysis of urban 84 wastewater [START_REF] Ouyang | Comprehensive 615 two-dimensional liquid chromatography coupled to high resolution time of flight mass 616 spectrometry for chemical characterization of sewage treatment plant effluents[END_REF] or industrial wastewater [START_REF] Purschke | Identification of unknowns in 620 industrial wastewater using offline 2D chromatography and non-target screening[END_REF]. GC x GC is limited by the need for derivatization 85 in the case of non-volatile compounds such as most pharmaceuticals. IM is potentially 86 attractive for the separation of isobars but its high correlation with mass spectrometry 87 reduces its interest. Unlike the preceding combinations, the high potential of LC x LC for 88 pharmaceuticals has often been reported [15 18]. Furthermore, LC x LC hyphenated to MS 89 equipped with electrospray ionization (LC x LC ESI-MS) was found to be much more efficient 90 than 1D-LC ESI-MS to reduce ion suppression in wastewater analysis [START_REF] Groskreutz | Selective comprehensive 636 multidimensional separation for resolution enhancement in high performance liquid 637 chromatography. Part II: Applications[END_REF]. 91

In light of the above, LC x LC -HRMS is expected to take up the challenge of a comprehensive 92 characterization of wastewater from the pharmaceutical industry. In the present work, we 93 propose a comprehensive analytical strategy for unequivocal detection and quantification of 94 targeted pharmaceutical compounds in complex wastewater samples. This strategy is based 95 on an optimized RPLC x RPLC HRMS technique associated to a decision tree for data 96 processing. To illustrate our overall strategy, a list of 27 targeted compounds under 97 continuous monitoring, subsequently referred to as "priority products", has been established. 98

Of these, 8 were of very high priority because of their proven toxicity above known 99 concentrations. An in-depth analysis of these compounds was carried out in the inlet and 100 outlet effluents of the pharmaceutical WWTP. The comparison of RPLC x RPLC-HRMS and 101 RPLC-HRMS analyses shows that the two-dimensional method clearly outperforms the one-102 dimensional method for the characterization of pharmaceutical effluents. Initial attempts to 103 identify unknowns are also discussed. 104 Real samples were obtained from the inlet (sample I) and the outlet (sample O) effluents of a 121 wastewater process treatment. The treatment was biological. Filtered aliquots were stored at 122 -25 °C. After thawing and homogenization, reference molecule P24 was added at 0.1 mg/L and 123 the samples were filtered on 0.2 µm filter. 124

Instruments 125

The LCxLC-HRMS system consists in an Infinity 1290 2D-LC system hyphenated to an Agilent 126 6560 Ion-Mobility Quadrupole Time-of-Flight LC/MS equipped with a JetStream electrospray 127 ionization (ESI) source, both from Agilent Technologies (Waldbronn, Germany). The 2D-LC 128 instrument includes two high-pressure binary solvent delivery pumps, an autosampler with a 129 flow-through needle of 20 µL and an extension loop of 80 µL, two column ovens with a 130 maximum temperature of 100 °C. A 2-position/4-port duo-valve was used as interface 131 between the two dimensions, and was equipped with two 20 µL sampling loops. The dwell 132 volumes were 140 µL and 80 µL for the first and the second dimensions, respectively, while 133 the measured extra-column volumes were 22 µL and 8.5 µL for the first and the second 134 dimensions. The extra-column variance estimations were 12 µL² and 4.5 µL², respectively. 135 Flow splitting was applied, after the 1 D column to reduce the injection volume in 2 D and after 136 the 2 D column to reduce the flow-rate entering MS. 137 1D-LC experiments were carried out on the first dimension of the Infinity 1290 2D-LC system, 138 with a diode array detector (1290 DAD FS), equipped with a 0. 

Calculations 161

The gradient conditions were optimized according to the Linear Solvent Strength theory [START_REF] Snyder | Gradient elution in high-performance liquid 640 chromatography: I. Theoretical basis for reversed-phase systems[END_REF]. 162

The following equations were used. 163 For a given dimension, the normalized gradient slope s was defined as: 164

(1) 165

Ci and Cf are the initial and final eluent compositions, tg the gradient time and t0 the column 166 dead time. 167

The composition at elution, Ce, was given by: 168

(2) 169 With tR the compound retention time and tD the instrument dwell time. 170

The peak capacity, nC was given by: 171

(3) 172

With tn and t1 the retention times of the most and least retained compound, and w0.5 the peak 173 width measured at half-peak height. 174 A 2D-chromatogram is constituted of a succession of 2 D fraction separations. The 1 D retention 175 time, 1 tR of a given solute was assigned to the peak apex of its most intense peak while the 2 D 176 absolute retention time, 2 tR was calculated from both 1 tR and the sampling time, ts via the 177 modulo operation: 178 The compound P24 was chosen as the reference product. 185 186 3. Results and discussion 187

Selection of chromatographic conditions 188

A large set of comprehensive LC x LC conditions was recently screened with a large variety of 189 pharmaceuticals. 190 different LC x LC combinations were compared considering their peak 190 capacity and their degree of orthogonality [START_REF] Iguiniz | Comprehensive two dimensional 630 liquid chromatography as analytical strategy for pharmaceutical analysis[END_REF]. It was concluded that the best results should 191 be obtained with highly efficient reversed phase columns in both dimensions operating at 192 neutral pH in 1 D and acidic pH in 2 D with different organic modifiers in the two dimensions. 193

The combination of a PFP and a C18 stationary phases was found to be the most relevant for 194 those compounds. An earlier study also reported that combining a C18 and a PFP stationary 195 phase could be attractive for pharmaceuticals in sewage water [START_REF] Ouyang | Comprehensive 615 two-dimensional liquid chromatography coupled to high resolution time of flight mass 616 spectrometry for chemical characterization of sewage treatment plant effluents[END_REF]. As a result, RPLC x RPLC 196 conditions with ammonium acetate 5 mM in 1 D and formic acid 0.1 % in 2 D were considered 197 in the present study. An Acquity CSH PFP column was used at 30 °C in 1 D with methanol as 198 organic modifier. In order to benefit from fast efficient separations in 2 D, a short Acquity CSH 199 C18 column was used at 80 °C with acetonitrile as organic modifier. Gradient conditions were 200 optimized in both dimensions so that the analysis time did not exceed one hour. That was 201 achieved according to an optimization strategy, based on a pareto-optimality approach which 202 was developed in our laboratory. This one aims at maximizing the peak capacity while 203 minimizing the dilution factor [START_REF]Optimization of conditions in on-line comprehensive 643 two-dimensional reversed phase liquid chromatography. Experimental comparison with 644 one-dimensional reversed phase liquid chromatography for the separation of peptides[END_REF][START_REF] Sarrut | Theoretical and experimental comparison of one 648 dimensional versus on-line comprehensive two dimensional liquid chromatography for 649 optimized sub-hour separations of complex peptide samples[END_REF] for a given analysis time (here 60 min). The optimized 204 parameters were the flow-rates, the gradient time in 2 D, the column dimensions, the sampling 205 rate and the split ratio between the first dimension and the valve. Resulting optimized 206 conditions are listed in Table 1. 207 Some compounds were expected to be present at very low concentrations in both the inlet 208 and outlet water. It was therefore important to set the highest possible injection volume in 1 D 209 to increase the sensitivity (decrease the dilution factor) without compromising the separation 210 quality due to excessive band broadening. The effluent samples being in pure water, on-211 column focusing was expected to be important and in favor of large injected volumes in 1 D. 212

Increasing volumes (from 20 to 100 µL) of the inlet sample (sample I) were injected in the 1 D 213 conditions (UV detection at 254 nm) in order to assess the maximum volume that could be 214 injected. For each injected volume, the peak capacity (Eq. 3) was calculated for three isolated 215 peaks well distributed in the first third of the separation. Fig. 1a shows the chromatograms 216 obtained by injecting 20 µL (red) and 80 µL (black), which represents 19 % and 77 % of the 217 column dead volume, respectively. The three considered peaks are indicated by arrows. As 218 can be observed the peak intensity increases for the three peaks. As expected, it is multiplied 219 by a factor of about four for the two most retained peaks. However, it is multiplied by a factor 220 of three only for the least retained one. The variation of the calculated peak capacity with the 221 injected volume is shown in Fig. 1b for the three peaks. While the least retained peak #1 (Ce = 222 8 %, Eq.2) clearly exhibits continuous decrease in peak capacity (down to less than 60% of the 223 initial value with 100 µL injected), more retained peaks #2 (Ce = 19 %, Eq.2) and #3 (Ce = 39 %, 224 Eq.2) globally maintain their initial peak capacity with up to 80 µL injected (loss of 13 % and 8 225 % with 80 µL injected). With the objective of losing less than 30% of the peak capacity, an 226 injected volume of 80 µL was considered as a good trade-off between peak intensity and peak 227

capacity. 228

Online RPLC x RPLC -HRMS separation was carried out using a synthetic mixture containing all 229 targeted analytes that could be released in the effluents, considered as priority products and 230 denoted here Sample A. The full spectrum of each analyte made it possible to select the most 231 abundant ion for identification and quantification process. That corresponded to the 232 molecular ion for 25 out of 27 priority products (see Table 2). Two compounds (P11 and P15) 233 were suspected to be fragmented in the ionization source, leading to the use of the mass-to-234 charge ratio (m/z) of their major fragment. The extracted ion chromatogram (EIC) of each of 235 the 27 priority products (listed by increasing monoisotopic mass in Table 2) was processed 236 with a maximum mass deviation of 20 ppm. The sum of EICs is represented by a 2D contour 237 plot as shown in Fig. 2, where the Y-axis represents the first dimension separation and the X-238 axis the second one. The color-scale (Z-axis) represents the peak intensity as MS counts. It has 239 to be noted that very intense peaks may appear larger depending on the chosen Z-scale focus. 240

Retention data are expected to be diagonalized in RPLC x RPLC [START_REF] Iguiniz | Comprehensive two dimensional 630 liquid chromatography as analytical strategy for pharmaceutical analysis[END_REF]. In Fig. 2, a fairly large 241 repartition of the peaks across the separation space and around a diagonal can be observed. 242

A retention surface coverage of 0.71 was evaluated using a method previously described [START_REF]-line comprehensive two-dimensional separations of 652 charged compounds using reversed-phase high performance liquid chromatography and 653 hydrophilic interaction chromatography. Part I: Orthogonality and practical peak capacity 654 considerations[END_REF], 243 which is based on the ratio of the confidence area in which solutes are evenly distributed 244 throughout the separation area. This value of 0.71 is of the same order of magnitude as that 245 previously determined with a similar 2D-configuration applied to drug samples [START_REF] Iguiniz | Comprehensive two dimensional 630 liquid chromatography as analytical strategy for pharmaceutical analysis[END_REF], thus 246 confirming its relevance for the present study. It is interesting to note in Fig. 2 that many 247 compounds that were not separated in 1 D were separated in 2 D and vice versa. 248 249

Creation of a reference table in RPLC x RPLC -HRMS for the priority products 250

The signal-to-noise ratio (S/N) must be above 3 to detect a compound. In LC x LC, the most 251 intense peak among those obtained from the 2 D-separations of successive fractions, was 252 considered for this purpose. The noise level was evaluated at 200 counts (white zones in Fig. 253 2). As can be observed in Fig. 2, the number of relevant spots exceeds the number of priority 254 products, suggesting the presence of isobars (circled in black in Fig. 2). They may result either 255 from another product present in the sample or from the product itself. Out of the 27 EICs, 22 256 resulted in only one spot, so that 22 priority products could be unambiguously identified and 257 related to three features, their two retention times (in first and second dimensions) and their 258 m/z value. The standards of the other five priority products (P9, P14, P15, P21 and P24) for 259 which the EIC of sample A presented multiple spots were individually injected to definitely 260 ascertain their retention times (in both 1 D and 2 D). Their identification was also confirmed by 261 in-house spectrum database of pharmaceuticals and finally, the code name of each target 262 compound could be duly informed in Fig. 2. 263

During the course of method development, it appeared a slight time difference between the 264 first valve switch (start of the 2 D analysis) and the start of MS acquisition, which could lead to 265 retention time errors in 2 D. This time lag was in the range 1.8 s to 2.2 s and had, of course, no 266 impact on the determination of the retention time in 1 D. However, since the peaks widths in 267 2 D were of about 1 s only, an error of 2 s could lead to false identification. Consequently, 268 absolute retention times were considered in 1 D ( 1 tR, peak apex of the most intense fraction) 269 while relative ones in 2 D ( 2 t R determined by Eq. 5). The compound P24, retained in 1 D but not 270 retained in 2 D, was chosen as the reference compound. It was added in known concentration 271 (0.1 mg/L) to all samples to ensure its presence. 272

Table 2 lists the codes for the priority products, the retention times in both dimensions ( 1 tR, 273 2 R) obtained from the analysis shown in Fig. 2 and the mass data. For confidentiality reasons, 274 the m/z values cannot be given and only the considered extracted ions are reported. Such a 275 table was used to unambiguously identify the 27 priority products in any real samples analyzed 276 in a sequence. 277

Establishing a mass window and a time window for the identification of priority 278 products 279

As indicated above, the identification of priority products in a given sample is entirely based 280 on three data (m/z, 1 tR, 2 tR , as listed in Table 2. The reliability of these measurements is hence 281 of prime importance to ensure proper identification of the compounds. A variability study was 282 therefore carried out, to find out the repeatability of these measurements (run-to-run) as well 283 as their intermediate precision (day-to-day). 284

The variability of mass accuracy (expressed in ppm) was evaluated from the analysis of sample 285 A. The accurate masses of the 27 priority products were calculated from their chemical 286 formulas considering the isotopic mass distribution. For the 27 products, analyzed by the 287 proposed RPLC x RPLC HRMS method, the mean mass error value was found to be 2.0 ppm 288 which is quite satisfactory according to both the instrument specifications (i.e. 1 ppm) and the 289 literature [START_REF] Brenton | Accurate mass measurement: Terminology and treatment of 657 data[END_REF]. The maximum deviation was observed for the less retained compounds, P1 290 and P2, with a value of 4.7 and 8.6 ppm, respectively. However, we had to be aware of the 291 possible existence of matrix effects, interfering components or highly concentrated products, 292 all of which could shift the measured mass and lead to false negatives [START_REF] Calbiani | Matrix effects on accurate mass 660 measurements of low-molecular weight compounds using liquid chromatography-661 electrospray-quadrupole time-of-flight mass spectrometry[END_REF]. Mass extraction 293 windows of 10 and 20 ppm were therefore assessed. It was found, for some products such as 294 P19, which have a very good MS response and therefore a risk of detector saturation, that the 295 10 ppm window could be insufficient at high concentrations. In order to analyze highly 296 concentrated inlet samples, a mass extraction window of 20 ppm was definitely chosen. 297 The resulting retention time standard deviations are shown in Fig. S1 for the 27 priority 300 products. For a given solute in 1 D, the considered retention time was that of the most intense 301 peak among those obtained from the two or three analyzed fractions. This peak could easily 302 be shifted by one sampling time (i.e. 0.4 min) between two analyses. Despite this, the standard 303 deviation of three consecutive measurements was always lower than 0.25 min (Fig. S1a) with 304 an average value over all compounds of 0.15 min. In light of these results and taking into 305 account the possible difference in time that could be up to one sampling time, a detection 306 window of ± 0.40 min was defined for run-to-run analyses in 1 D. As can be observed in Fig. 307 S1a, the retention times usually varied with a greater extent from day-to-day analyses, with 308 much larger standard deviations for five products. At a closer look, the related peaks 309 presented a large tailing, making probably the time at the peak apex more subject to 310 variations. 311

In 2 D (Fig. S1b), the retention time standard deviations were similar for run-to-run and for day-312 to-day analyses with an average standard deviation of 0.07 s and 0.05 s respectively. For the 313 large majority of compounds, the standard deviations were lower than 0.05 s, which is 314 remarkable considering that the average peak width at half-peak height was ten times higher 315 (i.e. 0.5 s). This highlights the high degree of reliability of the second dimension separation. 316

For run-to-run analyses, the retention time window was set at twice the average standard 317 deviation (i.e. ± 0.15 s). The relative standard deviations (RSD) were informed in Table S1. 318

Due to the large variability in 1 D retention times for some products from day to day (Fig. S1a), 319 it was decided to systematically include sample A in the analysis sequence in order to have a 320 more reliable comparison between the retention times of suspected compounds in real 321 samples with those of priority products unambiguously identified in sample A. In that respect, 322 a reference table similar to Table 2 (with updated retention times) was constructed for each 323 sequence. As said before, there was an identification ambiguity for 5 out 27 compounds in 324 sample A. While not separated from their isobars in 1 D, they were well separated in 2 D, making 325 the corresponding retention times and time windows (listed in Table 2), the references for 326 definite identification. 327

Quantitative analysis in RPLC x RPLC HRMS 328

Once a priority product has been unambiguously identified in the effluent, it should be 329 quantified to monitor its fate in the treatment plant. 330 3.4.1. Reliability study 331 LC x LC HRMS is well designed for qualitative analysis as it often permits unambiguous 332 identification of suspected compounds. However, it is quite rare to use QToF analyzers for 333 quantitative analysis. Two main issues have indeed to be addressed in LC x LC -HRMS: (i) how 334 to determine the peak volume in LC x LC and (ii) the variability of MS-response. 335

In LC x LC, each peak in 1 D is displayed in several peaks in 2 D. Summing the consecutive peak 336 areas was found to be the most reliable method in LC x LC UV for quantitative analysis 337 [START_REF] Iguiniz | Quantitative aspects in on-line comprehensive 624 two-dimensional liquid chromatography for pharmaceutical applications[END_REF][START_REF] Pól | Comprehensive two-dimensional liquid 664 chromatography time-of-flight mass spectrometry in the analysis of acidic compounds 665 in atmospheric aerosols[END_REF][START_REF] Kivilompolo | Comprehensive two-dimensional liquid chromatography 668 in analysis of Lamiaceae herbs: Characterisation and quantification of antioxidant 669 phenolic acids[END_REF]. This method was therefore used in the present study. The same approach as for 338 retention times was followed for the sum of peak areas in order to assess the variability of the 339 measures and hence the reliability of quantitative analysis in RPLC x RPLC -HRMS. This was 340 achieved with sample A from three non-consecutive runs in the same sequence (repeatability) 341 and over three days (intermediate precision). With an acquisition rate of 14 Hz, each peak 342 could be described by about 12 points. As illustrative example, the peaks obtained for three 343 consecutive fractions of P13 are shown in Fig. S2. Increasing the acquisition rate up to 20 Hz 344 improved the precision of peak area with 17 data points but decreased the number of 345 accumulated mass spectra per point and hence the sensitivity. 346

In terms of repeatability, the average relative standard deviation (RSD) on the sum of peak 347 areas was found to be 6.9 % with QToF detection while only 1.4 % with UV detection. Such 348 difference between these two detection modes was ascribed to both variations in ionization 349 efficiency between runs and/or insufficient description of MS-peaks as discussed above. In 350 terms of intermediate precision, the obtained results were unsatisfactory with an average RSD 351 value of 49 %, ranging from 17 % for P4 to an impressive 135 % for low-responding P11. This 352 is not surprising since ionization conditions are expected to significantly vary from day to day, 353 thereby requiring external calibration standards, which was not an easy task in view of the 354 large number of compounds that needed to be quantified. In the light of these results, 355 quantitative analysis was performed by injecting the calibration solutions and the samples to 356 be analyzed within the same sequence. 357

General strategy 358

Quantitative analysis of effluents was completed in about six hours with a RPLC x RPLC -HRMS 359 analysis sequence that included in order: a blank, sample A (highest concentrations), sample I 360 (inlet sample), sample B (intermediate concentrations), sample O (outlet sample) and sample 361 C (lowest concentrations). Among the 27 priority products to look for in effluent samples, 8 362 were considered as high priorities for quantitative analysis. Four of them were already 363 regulated (P6, P7, P9 and P16) while the other four were monitored to anticipate future 364 regulatory changes (P4, P10, P19 and P20). In sample C, the concentrations of the high priority 365 products were set at the maximum permitted value in the treatment plant outlet, except P10 366 and P19 for which the concentrations were set at a lower value. The maximum permitted 367 concentrations (listed in Table 3) were either those defined by regulatory authorities or our 368 own target concentrations designed to improve treatment efficiency. 369 Fig. 3 shows the decision flowchart to process the analytical data. It was designed firstly to 370 detect the presence or absence of priority products in the effluents and then to quantify them 371 if necessary. The first step (Fig. 3a) was intended to create the reference table (similar to Table 372 2) for the analysis sequence. ICH guidelines recommend signal-to-noise ratio values (S/N) 373 above 3 for detection and above 10 for quantification [START_REF] Tietje | International Conference On Harmonisation Of Technical 672 Requirements For Registration Of Pharmaceuticals For Human Use[END_REF]. Given the concentrations in sample 374 A, all compounds were expected to be detected unless there was an instrumental problem. In 375 this case, the compound could no longer be considered in the current analysis. 376

In the second step (Fig. 3b), the processing data continued with samples I, B, O and C. Each 377 EIC was scrutinized. If S/N was higher than 3, a product was detected. If the retention data 378 matched those of the reference table, the priority product identity was confirmed. 379

The third and fourth steps (Figs. 3c and3d) were related to the characterization of the outlet 380 sample, including the calculation of the removal efficiency for all detected priority products 381 and the quantitative analysis of the eight high priority products when they were detected in 382 sample O. The quantification was done with a 3-point calibration. It is important to underline 383 the assumption that matrix effects did not hinder this process.

The removal efficiency, RE, for a given product, can be defined as the amount of product 385 treated compared to the starting amount: 386 (6) 387 where minlet and moutlet are the amounts of product in the inlet and outlet samples respectively. 388 RE was calculated either from the sum of peak areas if S/N > 10 for at least one of the two 389 samples (inlet or outlet) or from the main peak intensity if 3 < S/N < 10 for both samples. In 390 this case, the noise was subtracted from the main peak intensity for a fairer calculation. In the 391 case where the product was not detected in the outlet sample while detected with S/N >10 in 392 the inlet sample, the removal efficiency was considered to be 100 %. 393

In case of a high priority product, its concentration in the outlet sample was compared to that 394 in sample C in order to check the compliance of the treatment plant. Quantitative analysis was 395 possible provided that a calibration curve could be constructed from the sum of peak areas, 396 that means if S/N values were above 10 for the three calibration samples (A, B and C). 397

Application to industrial process effluents 398

The general strategy described above was applied to process effluents from ORIL Industrie 399 (Bolbec, France). They were collected before (sample I) and after (sample O) the WWTP. The 400 samples were collected over two months. Monitoring the continuous process of an industrial 401 WWTP is a difficult task, as the inlet effluent varies from one production cycle to another 402 (usually over a period of a couple of months). The sampling process (inlet and outlet water) 403 was performed on the same day while the residence time of the analyzed products in the 404 WWTP was estimated to seven days. The collected outlet effluent was therefore not directly 405 a consequence of the treatment of the collected inlet effluent, but of the inlet effluent 406 entering the WWTP seven days before. Nevertheless, as most products are continuously 407 produced, the two samples were expected to be representative of the issues the 408 environmental engineers may encounter in monitoring the WWTP.

Figures 4a and4b show the obtained 2D-contour plots (sum of 27 EICs) of the inlet and outlet 410 samples respectively. It is obvious that the number of peaks detected in these 2D-plots far 411 exceeds the number of priority products revealed in Fig. 2. This can be ascribed to the 412 presence of numerous isobars in the effluents as exemplified at the bottom of the figure, 413 which displays the EICs (m/z of P15) for samples A, I and O. Two spots can be observed for 414 sample A (Fig. 4c). One corresponds to P15 (identified via individual injection) while the other 415 one (circled in black solid line) resulted from a fragmentation of P20 in the MS-source. These 416 two spots are also observed with samples I (Fig. 4d) and O (Fig. 4e), revealing the presence of 417 P15 and P20 in both effluents. The additional observed spots are likely to be due to reaction 418 impurities and/or product degradation. According to their retention times, some are common 419 to both inlet and outlet water (circled spots in the black dotted line) while others are specific 420 to the outlet effluent. These 2D-contour plots clearly point out the separation power of the 421 RPLC x RPLC -HRMS analysis, which effectively separated the isobars of P15 when they would 422 not have been separated in either 1D-RPLC methods. Furthermore, the reference retention 423 times in both dimensions were decisive for the unambiguous identification of P15 in both 424 effluents without any bias due to the presence of isobars. 425

Based on the decision-making flowchart shown in Fig. 3 with a limit of detection set at 600 426 MS-counts, 21 out of 27 priority products were detected in the inlet sample (Fig. 4a). The 427 number of products and their concentrations depends on the production scheme of the 428 pharmaceutical plant and hence may greatly vary from one production to the next. For 429 example, P19 was highly concentrated in sample I (Fig. 4a). In outlet sample (Fig. 4b), 20 out 430 21 products were detected in much smaller amounts as reflected by the corresponding spot 431 intensities. P11 and P22, detected in sample O, were not detected in sample I, possibly due to 432 the production timeline or to the residence time of the products in the treatment plant of 433 several days as discussed above. 434

In Fig. 5, the removal efficiency of the 20 priority products that were detected both in inlet 435 and outlet effluents, is plotted against the ratio of the signal of the most intense peak (inlet or 436 outlet sample) to the noise (S/N). The data dot is blue or orange depending on whether the 437 inlet or outlet sample provides the most intense signal. The orange dots were obviously not 438 expected and can in no way reflect removal efficiency. They can be explained by the fact, as 439 mentioned above, that although both samples were collected at the same time, there was 440 necessarily a time lag between a possible change in production and the end of the treatment. 441 Intermediate precision on removal efficiency was assessed from three analysis sequence 442 performed on three different days. Resulting relative standard deviations were found to be in 443 the range 0.2 to 6 %, which underlines the good reliability of the method. For 12 out of 20 444 products, the treatment process reduced the amount present in the effluent by 80 %. For 3 445 products (P13, P21 and P24), the removal efficiency was found to be lower than 50 %. 446 Quantitative analysis of high priority products in sample O was intended to reassure or alert 447 to their concentration level, and thus draw attention to a possible problem in the operation 448 of the WWTP. Table 3 summarizes the obtained quantitative results. The determination 449 coefficients (R²) were all above 0.99 (with calibration lines forced to 0) despite the very low 450 concentrations in sample C, thereby providing a fair estimation of the concentrations in the 451 sample O, with an error estimated at about 7.0 %. For one product (P16), the concentration 452 was well above the maximum concentration (56 vs 1 µg/L), showing a lack of efficiency of the 453 WWTP for this product. In contrast, the concentrations of other high priority products were in 454 line with expectations. 455

Advantages of RPLC x RPLC-HRMS analysis over RPLC-HRMS analysis 456

Compared to one-dimensional separations, on-line LC x LC separations are often perceived as 457 being more difficult to implement, due to complex optimization and complex data processing. 458

We therefore attempted to establish an objective comparison between these two techniques, 459 both coupled with high-resolution mass spectrometry. A RPLC gradient method was 460 developed with the same gradient time (60 min), injection volumes as in 1 D and stationary 461 phase (Acquity CSH C18) as in 2 D. Finally, in order to obtain the same MS response, we used 462 the same mobile phase (water-acetonitrile-formic acid) and the same column temperature 463 (80 °C) as in 2 D. A 15 cm column was selected so that the peak capacity per time unit was 464 maximized in such RPLC-conditions [START_REF] Sarrut | Theoretical and experimental comparison of one 648 dimensional versus on-line comprehensive two dimensional liquid chromatography for 649 optimized sub-hour separations of complex peptide samples[END_REF][START_REF] Chapel | A Theoretical and Practical Approach to Manage High 676 Peak Capacity and Low Dilution in On-line Comprehensive Reversed-Phase LC × 677 Reversed-Phase LC: A Comparison with 1D-Reversed-Phase LC[END_REF]. Samples I and O are two examples of very complex 465 media in which a tremendous number of molecules are present, including pharmaceutical 466 products (reactants, active ingredients, intermediate products, impurities) but also products 467 derived from the WWTP process (enzyme substrate, degradation products). The same 468 analytical strategy as described above (Fig. 3) was applied in RPLC-HRMS to the inlet and outlet 469 effluents. 470

Base peak chromatograms (BPC) of the outlet sample in RPLC x RPLC and RPLC are shown in 471

Figs. 6a and 6b respectively. The main points of comparison for these two methods are given 472 in Table 4. The peak capacities were calculated according to Eq. 3. In RPLC x RPLC, the product 473 of peak capacities was corrected by taking into account both the under-sampling [START_REF] Stoll | Two-Dimensional Liquid Chromatography: A State of the Art Tutorial[END_REF] and the 474 occupation of the retention space as delimited by the red and black dotted lines (86 % space 475 occupation) [START_REF]-line comprehensive two-dimensional separations of 652 charged compounds using reversed-phase high performance liquid chromatography and 653 hydrophilic interaction chromatography. Part I: Orthogonality and practical peak capacity 654 considerations[END_REF]. The calculated peak capacity was found to be 900 in RPLC x RPLC while 430 476 in RPLC. The higher separation power in RPLC x RPLC allowed the detection of 240 peaks while 477 only 130 could be detected in RPLC. 478

The great advantage of RPLC x RPLC -HRMS is highlighted in Fig. 6 by the mass spectra of the 479 two peaks shown on the chromatograms (labels 1 and 2). The first peak corresponds to P19 480 while the second peak is an unknown compound. For both peaks, the mass spectra are much 481 more complex in RPLC, revealing the presence of various masses in addition to the main one. 482

In addition, the signal of the most intense mass for peak 2 is about six times higher in RPLC x 483

RPLC. 484

Peak identification was sometimes biased in RPLC for inlet and outlet samples as illustrated in 485 Fig. S3a, showing overlaid EICs of P10 for samples A, C and I. As can be observed, both the 486 time at the peak apex and the peak shape changed for this poorly retained compound 487 depending on the sample. One explanation could be a change in the surface state of the 488 stationary phase by the matrix when a large amount of sample I is injected (here 80 µL). This 489 hypothesis was confirmed by injecting smaller volumes of sample I (Fig. S4). In this case, the 490 peaks became similar to those obtained by injecting samples A or sample C (both without 491 matrix). In contrast, no retention shift was observed in RPLC x RPLC for sample I compared to 492 samples A and C (Fig. S3b), as the upstream separation greatly simplifies the sample injected 493 in the second dimension. Due to such a retention shift, identification of the corresponding 494 peaks in RPLC was made impossible unless a sufficiently large retention window was used (i.e. 495 as large as several peak widths in this case). This did not suit our purpose. 496 A quantitative analysis problem, resulting from the presence of numerous isobars in the 497 effluents, was also specifically highlighted in RPLC-HRMS. In addition to a higher effective peak 498 capacity, the second dimension provides another retention mechanism, which increases the 499 chances of separating new isobars. Whereas all standard products could be unambiguously 500 identified by their time windows in RPLC as in RPLC x RPLC, we often observed far fewer peaks 501 in the EICs of inlet and outlet samples in RPLC than in RPLC x RPLC. As a result, in some cases, 502 isobars were found to co-elute with the standard product in RPLC, thus distorting the 503 quantitative results. An example is given in Figure S5 where many isobars of P1 were separated 504 in 1 D and not in 2 D, suggesting that they were not separated in 1D-LC either, the conditions 505 being the same as in 2 D. 506 Finally, by improving the separation of the priority products with the interfering matrix 507 components, RPLC x RPLC is expected to reduce matrix effects in the ionization source 508 compared to RPLC. In case of industrial wastewater coming from WWTP, it was reported that 509 matrix effects were more important for the inlet sample than for the outlet one and also in 510 the first part of the RPLC separation [START_REF] Rossmann | Evaluation of the matrix effect of 684 different sample matrices for 33 pharmaceuticals by post-column infusion[END_REF]. An in-depth comparison between RPLC and RPLC x 511 RPLC in terms of matrix effects was beyond the scope of this study. However, we compared 512 the mass error obtained for the priority products, which can increase with high concentrated 513 compounds present in the matrix [START_REF] Calbiani | Matrix effects on accurate mass 660 measurements of low-molecular weight compounds using liquid chromatography-661 electrospray-quadrupole time-of-flight mass spectrometry[END_REF]. In RPLC, the mass error attained up to 20 ppm with an 514 average value of 10 ppm (calculated for the detected priority products) while only 3.5 ppm in 515 RPLC x RPLC. This probably highlights more important matrix effects in RPLC and forced us to 516 consider a larger mass error in RPLC (i.e 40 ppm vs 20 ppm in RPLC x RPLC) for EICs. In addition 517 to an increase in the mass error, we observed an increase in noise in RPLC (300 vs 200 counts), 518 hence increasing the limits of both detection and quantification. This is probably the reason 519 why (i) less products were detected in sample O (i.e. 10 in RPLC vs 12 in RPLC x RPLC) and (ii) 520 their quantification was expected to be less accurate considering the R² value much lower 521 than 0.99 while higher in RPLC x RPLC. 522 All the above results allowed us to confirm that RPLC x RPLC far outperforms RPLC when it 523 comes to analysing such complex matrices as industrial effluents. 524

Characterization of unknown compounds in process effluents 525

The high potential of both RPLC x RPLC in term of separation power and HRMS in term of mass 526 accuracy permitted to gain valuable information on the various molecules that are either 527 transported through or produced during the WWTP process. While knowledge of the 528 molecules sent to the WWTP helps to reduce sources of pollution, knowledge of the molecules 529 released by the WWTP helps to monitor emerging contaminants, which can sometimes 530 represent a higher risk to the environment or health than their parent products [START_REF] Agüera | New trends in the analytical 593 determination of emerging contaminants and their transformation products in 594 environmental waters[END_REF]. 531

The 2D-contour plots (BPC) obtained from the separations of the inlet and outlet samples are 532 shown in Figs. 7a and 7b respectively. In both separations, some spots seem to be highly 533 correlated, suggesting the presence of homologous series. The different correlation lines are 534 plotted on graphs that reconstruct the presence of these spots. Each line is labelled with a 535 number and a letter. The spots located on the same line differ from one spot to another by 536 the same mass value (44.026, 58.042 and 14.015 Da for lines 1, 2 and 3 respectively). 537

According to the literature, a mass of 44.026 Da might be related to ethoxylate [START_REF] Loos | Nontargeted homologue series extraction from hyphenated high 687 resolution mass spectrometry data[END_REF], 58.042 538 Da to propylene oxide [START_REF] Loos | Nontargeted homologue series extraction from hyphenated high 687 resolution mass spectrometry data[END_REF] and 14.015 Da to methylene. Surprisingly, similar differences in 539 mass were observed from one line to another as highlighted by coloured arrows in Fig. 7, with 540 colour depending on the mass value (14.015 Da in black, 0.036 Da in blue, 15.995 Da in purple). 541

As said above, 14.015 is most probably related to a methylene group, 0.036 could correspond 542 to a difference in mass between O and [CH3 + H], 15.995 is the monoisotopic mass of an oxygen 543 atom. Finally, a last correlation can be noticed between lines 1a and 1c (in red). These are 544 compounds with the same m/z, probably isobars. Overall, these correlations and repetitive 545 mass differences most certainly reflect the presence of polymeric structures that have yet to 546 be identified. Further studies are being carried out in our laboratory on this subject. However, 547 it is interesting to note that the compounds in question are mostly different in the two 548 samples. 549 550

Conclusions 551

Effluent from wastewater treatment plants requires a specific internal policy to meet official 552 guidelines. The performance of RPLC × RPLC -HRMS was explored with respect to its potential 553 for the analysis of WWTP effluents. The analysis of the samples was carried out without 554 extraction and/or preconcentration, which limits the bias for quantification. HRMS allowed to 555 perform full-scan acquisition with detection limits in the ng/L range and high mass accuracy 556 (mass errors lower than 5 ppm). 557 An excellent retention surface coverage was achieved for these samples with the PFP x C18 558 column combination, allowing, together with the MS data, the unambiguous identification of 559 all suspected contaminants in the inlet and outlet samples of the treatment step. 560

In addition to the removal efficiency for the 27 priority products, the concentration in the 561 outlet sample could be assessed for 8 high priority products and compared to target values. 562

The RPLC x RPLC method was compared to the RPLC method performed under optimized 1D-563 LC conditions and was proved to give much more reliable results. The peak capacity was more 564 than doubled between RPLC and RPLC x RPLC. Matrix effects, identification and quantification 565 problems were clearly highlighted in RPLC-HRMS unlike RPLC x RPLC. 566

The proposed RPLC x RPLC -HRMS method should therefore make it possible to qualify both 567 known and unknown products of a wastewater treatment plant and to accurately quantify the 568 known compounds. Work is underway to complete the identification of unknown compounds 569 whose retentions were found to be fully correlated in both dimensions. 570 571 the University of Lyon and the Centre National de la Recherche Scientifique (CNRS). 693 694 1. 714 Figure 5: Removal efficiencies against the most intense S/N for the priority products detected 715 in both inlet and outlet samples. RPLC x RPLC HRMS analyses shown in Figure 5. Blue and 716 orange data dots correspond to products that were more concentrated in the inlet and outlet 717 samples respectively. The vertical dotted lines indicate the limits of detection (LoD) and of 718 quantification (LoQ). 719 

Figure captions 695

105 2 .

 2 Material and methods 106 2.1. Chemical and sample preparation 107 Acetonitrile (ACN), and methanol (MeOH) were LC-MS grade from Sigma-Aldrich (Steinheim, 108 Germany). Water was obtained from an Elga Purelab Classic UV purification system (Veolia 109 water STI, Le Plessis Robinson, France). Formic acid and ammonium acetate were obtained 110 from Sigma-Aldrich (Steinheim, Germany). All eluents were prepared in dedicated glassware 111 to avoid contamination. 112 Process effluent samples as well as the 27 priority standard products (12 intermediate 113 products and 15 active pharmaceutical ingredients) were provided by ORIL Industrie (Servier 114 laboratories, Bolbec, France). However, for confidentiality reasons, their molecular structures 115 are not shown. Molecular weights were between 100 and 800 Da. 116 Sample A contained 0.5 mg/L of each 27 priority standard products in water-MeOH (90:10, 117 v/v). Samples B and C contained the 8 high priority products in water-MeOH (90:10, v/v) with 118 various concentrations ranging from 1 to 1000 µg/L. Samples A, B and C were used for a 3-119 point calibration. 120

  slight time difference between the first valve switch and the start of MS acquisition, 180 a relative retention time was considered in 2 D ( R). It was calculated from the retention time 181 of a non-retained reference product (²treference), added in known concentration to all analyzed

  Both retention time repeatability (3 consecutive injections of sample A) and retention time 298 intermediate precision (3 inter-day injections of sample A) were assessed in both dimensions. 299

Figure 1 :

 1 Figure 1: Effect of the injection volume on the RPLC separation of an inlet sample of WWTP; 696 (a) Overlaid chromatograms with injection volumes of 20 µL (red) and 80 µL (black). (b) Peak 697 capacity loss as a function of injection volume for three different peaks (shown in the top 698 figure). Peak width measured at half peak height. Flow rate: 0.5 mL/min; gradient time: 18.69 699 min. UV-detection at 254 nm. Other conditions given in Table1( 1 D conditions). 700

Figure 3 :Figure 4 :

 34 Figure 3: Decision making flowchart for qualitative and quantitative analysis of a given 704 suspected priority standard product in treatment plant samples: (a) Creation of the reference 705 table (purple dotted frame); (b) Detection of priority products in samples B, C, I and O (green 706 dotted frame); (c) Removal efficiency for priority products according to Eq.6 (red dotted 707 frame) and 708 709

Figure 6 :

 6 Figure 6: Analysis of sample O (Base Peak Chromatogram) in (a) on-line RPLC x RPLC HRMS 720 (2D and 3D-plots) and (b) RPLC-HRMS. The given mass spectra correspond to peaks 1 and 2 as 721 indicated on the chromatograms. Black and red dotted lines delimit the available separation 722 space and the occupied separation space respectively. Experimental conditions are given in 723 the experimental section. 724

  (b) Detection of priority products in sample B, C, I and O (c) Removal efficiency for priority products (Eq. (6Quantitative analysis in sample O for highly priority products S/N (C) > 10 ? NO No conclusion S/N (O) > 10 ? NO Compliant Calculation of the sum of peak areas (A, B, C and O) Calibration curves (A, B and C

  

  Table 1 ( 1 D conditions). 700 Figure 2: On-line RPLC x RPLC separation of the 27 priority standard products (sum of EICs). 701 Products are numbered close to their corresponding spots (Pn). Isobars are circled in black 702 and numbered (ISO-Pn). Experimental conditions are given in Table 1. 703

Table 2 :

 2 Main characteristics, reference retention times and retention time windows for the 733 27 priority products for the RPLC x RPLC separation shown in Fig.2. 2 R is the relative retention 734 time in 2 D (calculated according to Eqs. 4 and 5). High priority products are indicated by an 735 asterisk (*). These retention times are used as reference for the identification of the 27 736 products in any sample A. They are further updated for each analysis sequence. The conditions 737 are given in Table1. 738

	Product number	Function (pKa)	Extracted ion	1 tR (min)	2 R (s)	1 tR window (min)	R window (s)
							Run-to-run Run-to-run Day-to-day
	P1		Basic	[M1+H] +	6.10	0.48	± 0.4	± 0.15	-
	P2		Basic	[M2+H] +	8.50	0.24	± 0.4	± 0.15	-
	P3		Acidic	[M3+H] +	3.76	4.02	± 0.4	± 0.15	-
	P4*		Basic	[M4+H] +	14.57	4.74	± 0.4	± 0.15	-
	P5		Basic	[M5+H] +	31.79	5.82	± 0.4	± 0.15	-
	P6*		Neutral	[M6+H] +	15.05	9.60	± 0.4	± 0.15	-
	P7*		Acidic/Basic	[M7+H] +	4.59	5.52	± 0.4	± 0.15	-
	P8		Basic	[M8+H] +	35.87 10.50	± 0.4	± 0.15	-
	P9*		Basic (9.0)	[M9+H] +	22.55	3.48	± 0.4	± 0.15	± 0.15
	P10*		Basic (4.5/9.2)	[M10+H] +	22.15	3.60	± 0.4	± 0.15	-
	P11		Basic	[M11-C4H10O3P] + 30.59	6.06	± 0.4	± 0.15	-
	P12		Basic	[M12+H] +	35.79	5.64	± 0.4	± 0.15	-
	P13		Acidic/Basic (14.1/9.8)	[M13+H] +	37.81	6.78	± 0.4	± 0.15	-
	P14		Basic (7.0)	[M14+H] +	39.78	4.98	± 0.4	± 0.15	± 0.15
	P15		Basic	[M15-NH2] + 31.79	6.06	± 0.4	± 0.15	± 0.15
	P16*		Neutral	[M16+H] +	33.46	9.78	± 0.4	± 0.15	-
	P17		Acidic/Basic (4.1/1.4)	[M17+H] +	19.09 11.82	± 0.4	± 0.15	-
	P18		Acidic (8.9)	[M18+H] +	25.86	9.96	± 0.4	± 0.15	-
	P19*		Basic (3.8/5.5)	[M19+H] +	21.03	8.10	± 0.4	± 0.15	-
	P20*		Acidic/Basic (4.2/8.1)	[M20+H] +	32.22	7.62	± 0.4	± 0.15	-
	P21		Basic (9.4)	[M21+H] +	42.60	6.48	± 0.4	± 0.15	± 0.15
	P22		Acidic/Basic (14.3/7.5)	[M22+H] +	51.89 11.52	± 0.4	± 0.15	-
	P23		Acidic (4.3)	[M23+H] +	33.91 12.90	± 0.4	± 0.15	-
	P24 (1)	Basic	[M24+H] +	27.31	0.00	± 0.4	± 0.15	± 0.15
	P25		Acidic (8.5)	[M25+H] +	35.41	7.26	± 0.4	± 0.15	-
	P26		Acidic (9.5)	[M26+H] +	28.62	7.32	± 0.4	± 0.15	-
	P27		Basic (6.6)	[M27+H] +	42.20	6.18	± 0.4	± 0.15	-
	739	(1) Reference product					

Table 3 :

 3 Quantitative results for the high priority products in the outlet sample. 740

	Pharmaceutical code	Allowable concentration (µg/L)	Calibration range (µg/L)	Slope (counts.min.ng -1 )	Determination coefficient, R²	Estimated concentration (µg/L)
		P4	40	40 500	4298	0.990	< 40 b
		P6	100	100 500	3047	0.999	6 a
		P7	100	100 500	4083	0.990	31 a
		P9	10	10 -500	37505	0.995	< 10 b
		P10	1000	500 -1000	10090	1	818
		P16	1	1 -500	15764	1	56
		P19	200	100 -300	68961	0.991	114
		P20	20	20 -500	24241	0.990	11 a
	741	a: extrapolated value			
	742	b: not detected in the outlet sample		
	743					

Table 4 :

 4 Comparison of the results obtained for the analyses of the outlet sample in RPLC -744 HRMS and RPLC x RPLC HRMS (see Fig.6) 745

	RPLC -HRMS	RPLC x RPLC -HRMS
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