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from 13 to 51% for fenitrothion and nuarimol, respectively. Steeping was 31 the most important stage in the removal of pesticide residues (52%) 32 followed by germination (25%), and kilning (drying and curing, 23%).

33

During malt storage (3 months) the fall in pesticide residues was not 34 significant. Applying the standard first-order kinetics equation (r>0.95), the 35 half-lives obtained for the pesticides during malt storage varied from 244 to 36 1,533 days for myclobutanil and nuarimol, respectively.

Brewing is the production of alcoholic beverages through fermentation. This 40 is the method used in beer production, although the term can be used for 41 other drinks. Four raw materials are required for beer production: barley, 42 hops, water and yeasts. The quality of these raw materials has a decisive 43 influence on the quality of the final product (Kunze, 2004).

44

Because of their high content of starch and storage proteins, barley According, the objective of this research was to know the fate of several 92 pesticides commonly used on barley from this cereal to malt for assist 93 maltsters in preventing the occurrence of pesticide levels higher than those 94 allowed.

95

Material and Methods

96

Pesticides and reagents. Pesticide standards with purity higher 97 than 98% were obtained from Dr. Ehrenstorfer GmbH (Augsburg, 98 Germany). Table 1 shows the pesticides used and their main 99 physicochemical characteristics (Tomlin, 2003). Stock standard solutions of (µg/L), 45.2 and pesticides below detection limit) was obtained from the 118 municipal network. After approximately 24 h, the first visible sign of 119 germination was the appearance of the root, as a white "chit". The grains 120 were then transferred to malting beds where germination was performed at 121 15±1ºC over a period of around four days. The speed of germination was 122 controlled by temperature and aeration of the malt bed, while moisture 123 content was maintained by spraying. The grain bed was regularly turned to 124 prevent grains matting together. Finally, after a period of germination, the 125 "green malt" was kiln dried from 50 to 85ºC over 24 h in a forced flow of 126 hot air to arrest germination and stabilize the malt by moisture level of 4-127 5% and then the malt was "cured" increasing temperature to 90-100ºC and 128 reducing the speed of air flow. At the end of kilning the malt was cooled to 129 arrest colour formation and to stabilize enzyme levels. Finally, the brittle 130 malt rootlets were separated and the rest milled. Figure 1 shows the 131 experimental procedure for malting process.

132

Samples and sampling methods. Different samples (barley grains, 133 steeped grains, steeping water, green malt, dried malt, and cured malt) 134 were taken during malting process (Figure 1). Bearing in mind the yields 135 obtained after the different elaboration steps, the total residual amount 136 present in each vessel was calculated, as shown in Table 2. The total 137 amount present in barley grains (100%) was considered to be the starting 138 point to study the dissipation of the pesticides. To known the dissipation of 139 pesticide residues from stored malt four samples (0, 30, 60, and 90 days) 140 were taken, starting the study when the cured malt was cooled and milled. 

197

The slopes of the calibration graphs with the standards directly prepared in 198 2,2,4-trymethyl pentane/toluene (1/1, v/v) and the standard addition 199 calibration graphs obtained from the different samples were similar, 200 confirming the absence of any matrix effect.

201

The limit of quantitation (LOQ), defined as the lowest fortification 202 level attempted, was lower than 5 ng/g with the exception of malathion ( 14203 ng/g). These limits are, in all cases, below the maximum residue limits 

254

Finally, curing removed fenitrothion and propiconazole residues in 255 proportions of 39% and 23%, respectively while the losses of the other 256 pesticides ranged from 2-16%. Figure 3 shows the total amounts of 257 pesticide residues removed during the different stages of malting. As can be 258 observed the most important stage in the removal of pesticide residues was 259 steeping (52%) followed by germination (25%), and kilning (drying and 260 curing, 23%)..

261

Loss of pesticide residues from stored malt. Several models 262 [START_REF] Timme | Statistical interpretation and graphic 347 representation of the degradational behaviour of pesticide residues. 348 II[END_REF]Morton et al. 2001) are used to describe the decay of 263 pesticides in different matrices. Probably, the most commonly used model 264 to describe loss of grain protectants is the following equation, where R t is 265 the residue at time t, R 0 is the residue at time zero and K is the rate 266 constant [START_REF] Desmarchelier | A model of the breakdown of dichlorvos on grain[END_REF][START_REF] Desmarchelier | Loss of fenitrothion on grain in storage[END_REF]:

267 ln R t = ln R 0 -Kt

268

To know the rate of loss of residues in the stored malt, the 269 experimental data (Table 3) were fitted to the above model. Table 4 shows 270 the values derived from the fit. In all cases, there was a good linear 

Propiconazole F (±)-1-([2-(2,4- Dichlorophenyl)-4- propyl-1,3-dioxolan- 2-yl]methyl)-1H- 1,2,4-triazole O O Cl Cl Pr H CH 2 N N N C 15 H 17 Cl 2 N 3 O 2 342.2 3.72 100 Myclobutanil F 2-(4-chloro-phenyl)- 2-(1H-1,2,4-triazol- 1-ylmethyl)-

  100 100 µg/ml were prepared by exact weighing and dissolving in acetone and 101 finally stored in the dark at 4 ºC. Working standard solutions were prepared 102 freshly by dilution in the same solvent. Solvents for pesticide residue 103 analysis (n-hexane, dichloromethane, and acetone) were supplied by 104 Scharlau Chemie S.A. (Barcelona, Spain). Helium (99.99% purity) was 105 purchased from Abelló Linde S.A. (Barcelona, Spain). 106 Raw material and malting process. Barley (11% moisture), two-107 row spring malting barley (Hordeum distichum) was obtained from the 108 Brewers Estrella de Levante Fábrica de Cerveza S.A. (Murcia, Spain). Barley 109 grains (100 g, n=3), once spiked with the pesticides (0.2-1 mg/kg) were 110 subjected to the process according to the common malting operations 111 (steeping; germination; and kilning) after evaporation of the spiking solvent112(3 h). The process commences with the steeping of barley by water 113 immersion (300 ml at 15ºC) followed by aeration until the water content of 114 the grain reaches to achieve a sufficient moisture level (42-44%). The 115 water used for the steeping process (EC -dS m -1 at 25°C-, 0.93; pH, 8.22; 

141

  Extraction procedures. Water samples (20 ml) were placed in a 142 100 ml glass flask with hermetic closing, with 40 ml of n-, v/v) and 2 g of anhydrous NaCl. The flasks 144 were introduced into an ultrasonic bath (Ultrasons 613, Selecta) with 145 distilled water for 10 min and the liquid was passed through Phase 146 Separator Paper (Albet 302, 15 cm Ø). Finally, the organic phase was 147 concentrated by rotary vacuum evaporation (35 ºC) to dryness and 148 redissolved in 10 ml of acetone and injected into the GC/MS system in the 149 conditions specified previously. For barley and malt, samples (5 g) were 150 homogenized at 8,000 rpm for 5 min in a high-speed electric mixer 151 (Polytron-Aggregate, Kinematica) with 10 ml of distilled water and 20 ml of 152 n-hexane. After this time, 20 ml of dichloromethane were added and the 153 mixture was centrifuged for 10 min at 3,000 rpm. The liquid phase was 154 quantitatively transferred to a glass funnel provided with a phase separator 155 paper. After filtration, the organic phase was concentrated through rotary 156 vacuum evaporation to dryness and redissolved in 10 ml of acetone 157 Pesticide analysis. A Finnigan Trace Ultra GC (Thermo Electron 158 Corporation, USA) with split-splitless injector, AS2000 Autosampler and 159 directly coupled by a transfer line to a Finnigan Polaris Q Ion Trap MS 160 (Thermo Electron Corporation) was used. Updated Dell ChemStation 161 application with Xcalibur™ software was used to control and automate many 162 features of the GC/ITMS system. The Rtx®-5MS (Restek, USA) fused silica 163 capillary column (30 m x 0.25 mm x 0.25 µm film thickness) contained 5 % 164 diphenyl, 95 % dimethyl polysiloxane as liquid-phase. The oven 165 temperatures were programmed as follows: column oven: initial 70 ºC, hold 166 1 min, programming rate 10 ºC/min (70 to 160 ºC), hold 2 min; 5 ºC/min 167 (160 to 250 ºC), hold 0 min; 30 ºC/min (250 to 280 ºC) and hold 4 min at 168 280 ºC for a total run time of 35 min. The injector and MS transfer line were 169 operated at 230 and 275 ºC, respectively. The IT operation conditions were: , AGC 50. The carrier gas was He at 1.2 ml min -1 . The 173 sample (2 µl) was injected in the splitless mode (60 s). Identification of the 174 pesticides was based on the retention time of the target ion and on the 175 three qualifier-to-target ion ratios. The qualifier-to-target ion percentage 176 was then determined by dividing the abundance of the selected qualifier ion

  177(Q) by the target ion (T) and multiplying by 100. Quantitation was achieved from 3.6 to 8.7% and a mean recovery in excess of 89% in all cases.

204(

  MRLs) established in barley by the Spanish legislation for the studied 205 compounds(BOE, 2004).206Removal and transfer of pesticide residues from barley to 207 malt. Table2shows the amount of pesticide residues recovered from the 208 different samples. In all cases, RSDs were lower than 11%. The 209 percentages removed after each stage of the process were calculated 210 against the residue level on grains at the end of the previous stage. As can 211 be seen in Table2, steeping reduced residue levels significantly; the lowest 212 percentages removed at the end of the steeping process correspond to 213 dinitroaniline herbicides, pendimethalin (10%) and trifluralin (15%). Both 214 are hydrophobic pesticides because their high log P ow (>5) and low solubility 215 (0.2-0.3 mg/l). In consequence, a low proportion of their residues were 216 removed with the steeping water. Regarding to the organophosphorus 217 pesticides, malathion has the lower log P ow (2.75) and the higher water 218 solubility (145 mg/l) of the all studied pesticides. For this, 55% of its 219 residues were removed from the barley grains after steeping while 48% of 220 fenitrothion residues (log P ow = 3.5) were removed in this stage. Others 221 great extent. Only fenitrothion residues significantly declined 249 (32%) while the removal of the other compounds varied from 6-17%. Some 250 authors(Miyake et al. 2002) show that most of the residues on germinated 251 grain were lower than those on kilned malt which is attributed to the 252 inhibition of the extraction by the moisture present in germinated grains. In 253 our case, germinated grains were air-dried (30 ºC) to constant weigh.
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  271 correlation between ln R t and time (r≥0.95). Additionally, a perfect 272 correlation (r>0.99) between the analytical and theoretical concentration 273 calculated (R 0 ) at 0 days was observed which indicates that the model is 274 to the calculated values for the constant rate (K) and half-275 lives time, the following dissipation rate was observed: this research it can be concluded that residues of water 280 soluble pesticides on barley tend to be eliminated in the greatest amount 281 after steeping. Conversely, hydrophobic residues remain in steeped grain 282 which it is supported by the good correlation that exists between the 283 partition coefficients of the octanol-water values of the pesticides and the 284 decline in concentration. Germination and kilning processes also contribute 285 to reduce the residue content of malt although to a lesser extent. Finally, 286 malt storage does not significantly reduce pesticide residues. Therefore, the 287 maltsters should pay special attention to pesticide residues on barley, 288 especially for triazole fungicides as propiconazole, which has been 289 demonstrated to be a strong sterol biosynthesis-inhibiting compound 290 (Navarro et al., 2007).

Figure 1 :

 1 Figure 1: Scheme showing four primary steps of malting process and sample points (*) for pesticide analysis.

Figure 2 :

 2 Figure 2: Correlation between percentages of pesticides removed (n=3) after steeping and their log P OW values (solid line is 95% confidence interval and dash line 95% prediction interval).

Figure 3 :

 3 Figure 3: Mean amounts removed (n=3) of total pesticide residues into the different stages of malting (error bars are 95% confidence intervals).
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*: H: Herbicide; I: Insecticide; and F: Fungicide.

Table 2

 2 Mean amount (n=3) of pesticide residues recovered in the whole weight or volume from different samples and percentage remaining during malting.

	Mean (µg, as dry) ± RSD and % remaining

(r>0.92) was observed between percentages removed after steeping and 29 the P OW values of pesticides. The amount remaining after malting ranged
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acquisition mode Sequential FS (50-400 m/z) & SIM range mode (exact

mass ± 0.4 amu), multiplier 1788, ion source temperature 230 ºC, emission
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insecticides and carbaryl on paddy rice, maize, sunflowers and field