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Direct analysis of dithiocarbamate fungicides in fruits by

ambient mass spectrometry

or Teflon (DESI) could be directly detected. With DART this was also possible for ziram. Before the instrumental analysis of fruit matrix, an extract had to be prepared following a straightforward procedure. The raw extracts were deposited on a slide (DESI), or rods were dipped into the extracts (DART), after which thiram and ziram could be rapidly detected (typically 10 samples in few minutes). In the case of thiram, the lowest calibration levels were 1 mg kg-1 (DART-TOFMS, DESI-MS2) and 0.1 mg kg-1 (DART-orbitrapMS). For ziram, the achieved lowest calibration levels were 0.5 mg kg-1 (DART-TOFMS) and 1 mg kg-1 (DART-orbitrapMS). In all cases, this was sufficiently low to test samples against EU-MRLs for a number of fruit crops. By using an internal standard (semi)quantitative results could be obtained. The QuEChERS-based procedure [START_REF] Anastassiades | Fast and easy multiresidue 490 method employing acetonitrile extraction/partitioning and "dispersive solid-phase 491 extraction" for the determination of pesticide residues in produce[END_REF] was applied: 5 g of roughly 175 homogenized sample was mixed with 5 ml of water and extracted using 10 ml of acetonitrile 176 in a 50 ml PTFE vessel. The mixture was vortexed for 1 min. Subsequently, 4 g of MgSO 4 177 and 1 g NaCl were added, and the mixture was shaken for another minute. The mixture was 178 then fortified by internal standard solution (2 mg kg -1 ). To provide a well-defined phase 179 separation, centrifugation at 11,000 rpm for 5 min was used. A volume of 0.7 ml of sample solutions (both at 0.5 mg ml -1 in acetonitrile) were added to either homogenized sample or the 186 whole fruits to achieve the concentrations of 10 and 5 mg kg -1 , respectively. In the case of 187 spikes added to homogenized fruit, the standard solutions were added to (i) the homogenized 188 sample in a PTFE vessel, followed by an immediate extraction step; or (ii) the homogenized 189 sample in a PTFE vessel, followed by an extraction step after 10 min. For spikes carried out 190 before sample homogenization, the standard solutions were spread on the whole fruits (400 g) 191 placed in a homogenizer. After sample homogenization, the QuEChERS extraction procedure 192 followed. The internal standard (TPP) was added (2 mg kg -1 ) before the centrifugation step.
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For the validation experiments, appropriate volumes of thiram and ziram from the stock 194 solutions (both at 0.5 mg ml -1 in acetonitrile) were spread on the whole fruits (400 g) present 195 in a homogenizer to achieve the concentrations of 5 and 1 mg kg -1 , respectively (MRLs).
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After sample homogenization, the QuEChERS extraction procedure followed. The internal 197 standard (TPP) was added (2 mg kg -1 ) before the centrifugation step. The lower recoveries of roughly and medium homogenized samples can be explained by 295 low amount of water released from the sample. Therefore, we also investigated the addition 296 of water to the sample to increase the "active" water content before the extraction (10 g of 297 sample vs. 5 g of sample plus 5 ml of water). As a consequence, the recoveries of target 298 analytes improved also for the roughly and medium homogenized samples as far as water was an orbitrap mass analyzer offering enhanced mass resolving power was also used. The 330 DART-Orbitrap MS system showed a high ability to eliminate matrix interferences. Figure 2 331 clearly illustrates the benefit of high mass resolving power of this system-using the 25,000 332 FWHM resolving power allowed complete spectral separation of thiram from matrix 333 interferences even if their intensities were higher compared to this analyte. fruit commodities such as pears, apples, plums, and strawberries (EU-MRLs of 5, 5, 2, and 10 355 mg kg -1 , respectively). In the case of ziram, the obtained LCLs would be suitable to control 356 the MRL of fruit commodities such as pears and plums (1 and 2 mg kg -1 , respectively). In the field, thiram is not applied as the pure substance. Instead the formulated plant 436 protection products such as TMTD, which contains 80% of thiram, is suspended in water at 437 2 g l -1 and applied onto the crops. To test if the DESI-MS 2 method was also able to detect 438 thiram when applied as TMTD, strawberries were spiked at the MRL of 10 mg kg -1 using 439 both the TMTD suspension and a solution of thiram in acetonitrile. After spraying, the fruits 440 were left for 30 min to allow drying and interaction with the surface. 

Page

  70 years ago, dithiocarbamate fungicides (DTCs) still represent an important 34 class of plant protection product widely used in agriculture. They are characterized by a exposure of the sample to the DART gas beam; background ions were 132 subtracted and a mass drift was corrected. 133 DART-Orbitrap MS 134 The DART-Orbitrap MS system consisted of a DART ion source (model DART-SVP) with 135 a 12 Dip-It tip scanner autosampler (IonSense, Saugus, MA, USA) coupled to an Exactive 136 high-resolution mass spectrometer (Thermo Fisher Scientific, San Jose, CA, USA). A Vapur 137 interface (IonSense, Saugus, MA, USA) was employed to hyphenate the ion source and the 138 mass spectrometer. Low vacuum in the interface chamber was maintained by a membrane 139 pump (Vacuubrand, Wertheim, Germany). 140 The DART ion source was operated in a positive ion mode with helium as the ionizing 141 medium at a pressure of 4 bar. The gas beam was heated to 400°C. The discharge needle 142 voltage of the DART source was set to -5 kV and the grid electrode voltage was +350 V, 143 respectively. The parameters of the mass spectrometer were as follows: capillary voltage: 144 +30V; tube lens voltage: +110V; capillary temperature: 250°C. The acquisition rate was set 145 to 4 spectra s -1 corresponding to a mass resolving power of 25,000 FWHM (m/z 200). A 146 constant speed of 0.5 mm s -1 was used for the Dip-It tip scanner autosampler. 147 XCALIBUR software (v. 2.1) was used for instrument control, data acquisition, and data 148 processing. Mass spectral data were obtained by averaging of the mass spectra recorded 149 during the exposure of the sample to the DART gas beam followed by the subtraction source from Prosolia Inc. (Indianapolis, IN, USA) was coupled to a 153 LXQ linear ion trap from Thermo Fisher Scientific. A glass microscope slide with PTFE 154 spots (Prosolia) was used as a sample substrate. The final spray solution was MeOH:H 2 O 155(1:1 v/v) with 0.1% formic acid and 10 mM ammonium formate at a flow of 5 µl min -1 . The 156 5 kV, the ion transfer tube was held at 50°C. The distance between spray 157 tip and sample was 3 mm, and the distance between sample and the MS inlet was 0.5 mm.158The nitrogen pressure was 120 psi. A modified ion transfer tube (Thermo Fisher Scientific) 159 was used to minimize the distance between MS inlet and the sample. The angle between 160 spray tip and sample was 55°. The sample slide moved at a speed of 250 µm s -1 pear) were weight as whole (100-250 g) in 1-L polyethylene bags. After 164 addition of acetonitrile (1 ml per 1 g of the sample) and internal standard solution (2 mg kg -1 ), 165 the bag was clipped shut, and the extraction was conducted for 15 min on a shaker (HS 260 166 basic, IKA, Staufen, Germany) operating at 180 min -1 . A volume of 0.7 ml of sample extract 167 was put into the sampling hole of a deep well micro-plate for direct analysis. The final 168 concentration of matrix was 1 g ml -1 . 169 For the validation experiments, appropriate volumes of thiram, ziram, and TPP from the 170 stock solutions (all at 0.5 mg ml -1 in acetonitrile) were added in a polyethylene bag containing 171 the whole fruit and the extraction solvent (1:1 ratio, w/v) to achieve concentrations of 5, 1, and 172 2 mg kg -1 , respectively. 173 Procedure II for DART-MS analyses 174
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  Note: Matrix-matched standards of thiram and ziram containing also an internal standard 199 (TPP) were used for the quantification purposes (determination of recoveries). Calibration 200 graphs were constructed by plotting the analyte concentrations (x-axis) against the ratio of the 201 target DTCs and internal standard TPP response (y-axis).
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  299added to the sample before the extraction. 300In the follow-up part of the experiments, we investigated the recoveries of thiram and ziram 301 when both analytes were added to the sample before homogenization (≈400 g of pears were 302 used for each experiment). Again, roughly, medium, and finely homogenized samples were 303 analyzed. Under these conditions, the best recoveries were obtained for roughly homogenized 304 Page 14 of 34 http://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.uk due to less intensive interaction of target analytes with the matrix 305 components (Figure1-B). Further improvement of recoveries was observed as far as the pear 306 samples were cryogenically homogenized (the samples were put into the freezer (-18°C) over
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 455 Figure4shows MS records of both analytes at their MRLs in pear extract using DART-

  441

Figure 6 Figure 7 Figure 1 .

 671 Figure6shows that thiram could be easily detected both when deposited as TMTD and
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 55023456724 Figure 2. Thiram (m/z 240.996) in pear extract analyzed by DART-Orbitrap MS (0.1 mg kg -
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